


Library of Congress Catalog Card Number: 78-61000 



THE LONG ISLAND COMPREHENSIVE WASTE TREATMENT MANAGEMENT PLAN 

VOLUME I: SUMMARY PLAN 

LEE E. KOPPELMAN 
Project Director 

July 1978 

NASSAU-SUFFOLK REGIONAL PLANNING BOARD 

Hauppauge, New York 

This document was prepared by the Nassau-Suffolk Regional Planning Board pursuant to Section 
208, Federal Water Pollution Control Act Amendments o f  1972 (PL 92-500). This project has 
been financed in part with Federal funds from the United States Environmental Protection Agency 
under Grant Number P002103-07-0, The contents do not necessarily reflect the views and 
policies of the United States Environmental Protection Agency, nor any state, county, regional or 
local agency participating in the 208 program. 









NASSAU-SUFFOLK REGIONAL PLANNING BOARD 

Harold V. Gleason 
Chairman 

Seth A. Hubbard 
Vice Chairman 

Vincent R. Balletta, Jr. 
Robert D. Bell 

John Wickham* 
Winfield Fromm** 

Lee E. Koppelman 
Executive Director 

NASSAU COUNTY SUFFOLK COUNTY 

Ex Officio 
Michael R. Pender*** Rudolph M. Kammerer 

Commissioner Commissioner 
Department of  Public Works Department o f  Public Works 

M. Hallsted Christ 
Comptroller 

Henry D. Claussen 
Comptroller 

Advisory 
Honorable Francis T. Purcell**** Honorable John V. N. Klein 

Coun ty Executive County Executive 

Honorable Alfonse DIAmato***** Honorable Joseph Caputo****** 
Vice Chairman Presiding Officer 

County Board of Supervisors County Legislature 

Honorary 
Leonard W. Hall H. Lee Dennison 

County Coordination 
Herbert Libert Lee E. Koppelman 

*replaced Thomas Halsey 411 3/78 
**replaced Robert J. Flynn 4/13/78 

***replaced H. John Plock 1/1/78 
****replaced Ralph G. Caso 1/1/78 

***** replaced Francis T. Purcell 1/1/78 
****** replaced Floyd Linton 1/1/78 

Technical Advisory Committee-Voting Members 

Lee E. Koppelman 
Project Director 

Nassau-Suffolk Regional Planning Board 

August Guerrera 
Suffolk County Water Authority 

Vito Minei* 
Suffolk County Department of  Environmental Control 

Thomas Maher** 
Nassau County Department of Health 

George Andrek 
Nassau County Planning Department 

Aldo Andreoli 
Suffolk County Department of Health Services 

James Oliva 
Nassau County Department of Public Works 

Advisory Members 

Philip Barbato Wiacheslaw FedoriwN** 
New York State Department of  Environmental Conservation 

Anthony Conetta 
United States Environmental Protection Agency 

Alan Mytelka 
Interstate Sanitation Commission 

*replaced Arthur Koerber 9/1/77 
**replaced Theodore Burger 111 178 

***replaced Philip DeGaetano 7/1/77 



Other Study Participants 

Nassau County Department of Health 
Francis V. Padar 

Sheldon 0. Smith 
Maxim Lieber 

Michael Alarcon 
Stanley Juczak 

Nassau County Planning Department 
Robert 0. Berry 
John W. Follis 

William G. Turner 

Nassau County Department of Public Works 
Steven A. Fangmann 

Francis J. Flood 
James S. Gillen 

Suffolk County Department o f  Environmental Control 
Joseph Baier 
Steven Cary 

John Frizzola 
Ellis Koch 

Robert Nuzzi 
Sue Quinn 
Ben Wright 

Suffolk County Department of  Health Services 
Herbert Davids 
Paul Grosser 
Keith Jensen 
Dennis Moran 

John D. Wirenius 
Mahfouz Zaki, M.D. 

Suffolk County Water Authority 
Jack B. Graham 

William J. Schickler 
Louis W. Weinfurt 

208 Consultants 

Edward Beltrami Town of lslip 

Brookhaven National Laboratory Princeton University 

T. Owen Carroll Suffolk County Soil &Water 
Conservation District 

Cooperative Extension Association Tetra Tech, Inc. 
of Suffolk County 

Delta Well Company, Inc. Roy F. Weston 

Energy Resources Company, Inc. Woodward-Clyde Consultants 

Geraghty & Miller, Inc. United States Geological Survey 

Malcolm Hair 

Administration and Report Preparation 

DeWitt Davies Edith Tanenbaum 
Teresa Dowd Ronald Verbarg 
Arthur Kunz Michael Volpe 

Catherine Morrison Burton Weinstein 
Sy Robbins Israel Wilenitz 

Fred Rosenberg 
Carol Swick 

Clerical Staff 

Joyce Barsky 
Deborah Ann Courtney 

Paula Davantzis 
Keri Grattan 
Edith Jones 

Mary Jane Korwan 
Eileen Retzger 
Dolores Truglio 

Accounting 

~ u c i l l e  Gardella 

Cartographic 

Anthony Tucci 

Typography 

Ariel Graphics 



NASSAU-SUFFOLK 208 CITIZEN ADVISORY COMMITTEE 

Julian Kane 
Morton Strassberg 
Frederick Wolff 
Frances Sterrett 
G. W. Selleck 
Rodney A.  Leuthardt 
John N. White 
Jeffery A. Zegel 
Howard D. Engel 
Edward G. Parthe 
Thomas Junor 
Bea Friedman 
Judith Sheinfeld 
Joan Northam 
Doris Koedding 
John Alford 
Dedra Kimensky 

RAdm. Edward C. Stephan, USN (ret) 
Chairman 

Voting and Alternate Voting Members 

Hofstra University 
Suffolk County Community College 
Hofstra University 
American Chemical Society 
Vegetable Research Farm 
Long lsland Farm Bureau 
Long lsland Farm Bureau 
Long lsland Farm Bureau 
Long lsland Association of  Commerce and Industry 
Marine Contractors Association 
Long lsland Builders Institute 
Nassau County League o f  Women Voters 
Suffolk County League of  Women Voters 
Nassau County League of  Women Voters 
Roslyn Landmark Society 
Long lsland Council of  Churches 
Long lsland Council of  Churches 

Horace Wells 
John A. Black 
James T. B. Tripp 
Jean Wood 
Patricia Santora 
Frederick Drewes 
Thomas J. Marquardt 
Lorne Birch 
George Proios 
Daniel Martinez 
Peter Zarcone 
Daniel Davis 
Robert E. Reid 
Edward Voel ker 
Felix Alfino 

Warren Goercke 

Richard Allen 
Vera Allen 

Lawrence Bertholf 
William Brookes 
Karen Campbell 
William Charvat 
William Cutler 

Michael Devaux 
Robert Ebenau 
Klaus Feindler 

Adelaide Flatau 
Lee Foster 

Advisory Members 

John Heenan 
Douglas Hill 
Evelyn Huth 

Kevin Kearney 
William Kolodnicki 

William Lindenfelser 
Paul Moskowitz 
Harold Neerns 
David Newton 
William Warner 
George Wilde 

Thomas Zawyrucha 

Ann Sielman 
Vice Chairman 

Long lsland Council of  Churches-Retired Persons 
Long lsland Audubon Council 
Environmental Defense Fund 
Environmental Technology Seminar 
Huntington Audubon Society 
Suffolk County Community College 
Town of  lslip 
Town of Hempstead 
Town of  Brookhaven 
Local 138 Operating Engineers 
Local 138 Operating Engineers 
Town of Hempstead Department of Water 
Long lsland Water Conference 
Village of  Freeport Water Department 
Nassau Recreation Conservation and 

Parks Association 
North Brookhaven Sport Fisherman's Club 





Foreword 

Newsday Photo 

Water, life's ultimate indispensible mineral, is no match for i t s  greatest 
enemy, man. But man's victory i s  hollow. 

"Mommy, my toothbrush tastes funny." This scene could be early 
morning in Levittown, Lynbrook or Port Jefferson, as a typical Long lsland 
family prepares to  begin another day. The circumstances along with others 
similar in consequence could become reality in the absence of the compre- 
hensive water quality management program contained in this multi-faceted 
work. Even with this document, they might come to pass. The program only 
shows the way. Unless implemented, toothbrushes may indeed begin to taste 
funny and surface waters, commercially and recreationally, may become 
endangered hydrological species. In  this brief context-citing hazards but 
knowing they can be eliminated-l write this introductory segment with 
utmost pride. This work, in my opinion, represents excellence unusually dis- 
tinctive in quality, a demonstration of a public agency's ability to create, 
produce and execute a t  the highest level of competency. 

Long lsland possesses rich and unusual natural bounty: white and 
pebbleless ocean sands, vast expanses of salt meadow, white-cedar swamps, in- 
land pine barrens, flat plains, colorful downs, fiordlike harbors, bays, ponds, 
lakes and freshwater bogs. It offers something to  suit the taste for nature in 
each of us. It is a remarkably varied, beautiful and fertile insular tract, lying 
at the threshold of the greatest urban center in the nation. For 250 years 
after i t s  first settlement Long lsland changed little. From 1812 to the turn 
of the century Suffolk County's total population increase amounted to only 
42,582 souls. Even the railroad did little to alter the generally rural 
atmosphere. All this serenity came t o  an abrupt end following World War I I  
when people, equal in number to the population of more than a dozen 
states, emigrated eastward across the city line. Vast public works were carried 
out, parkways and expressways laced the largest island on the Atlantic sea- 
board. But it was not until 1974, two years after passage of the Federal Water 
Pollution Control Act Amendments, that the fruits of environmental 
management became apparent and resulted in this far-reaching document. 
Chronologically it represents the Region's fourth most important plan- 
following the Nassau County Charter in 1938, the Suffolk County Charter in 
1959 and the Bi-county Comprehensive Development Plan in 1970-affecting 
the lives of all its residents. 

There is a valid question concerning the Region's success in developing 
comprehensive studies. Would they be possible without a regional planning 
agency? Possibly, yes; anything is. But as timely and of such professional 
calibre; probably not. Therefore, the underlying wisdom in establishing an 
areawide regional planning agency has been amply justified. The Nassau- 
Suffolk Regional Planning Board was created in 1965 by adoption of ordi- 
nances and resolutions by the Boards of Supervisors of Nassau and Suffolk, 
in accordance with provisions of the General Municipal Laws of New York 
State. As the solutions to  economic and social problems become increasing- 
ly regionwide in nature, having this agency with a proven track record in 
performance already in place will serve as a source of assurance to Long 
lsland citizens. 

It would be extremely shortsighted to  view this plan as just another 
study-its pages like leaves on trees, deciduous and gone, once fallen to  the 
ground. Its direct value is in its use as  a working document, important to the 
life-styles of future generations and business growth. Indirectly, the applica- 
bility of i t s  analyses and findings renders i t  of national importance and in 
turn assures national recognition of Long lsland as a homogeneous entity 
with identity well beyond i t s  false reputation as simply a bedroom 
community. 

There is a legal expression, "The evidence speaks for itself." So do the 
following pages. In the main, Long Island's water supply, derived solely from 
i t s  own groundwater sources (and not even partially from Connecticut-the 
erroneous impression lingers) is adequate in terms of quantity. Tunnels from 
upstate or other outside sources are not only unnecessary, they are equally 
foolish even to consider. But there is the point-blank question of preserving 
the quality of our water. This stern challenge must be met by the courage of 
government supported by an informed constituency, sensitive to parochial 
interests, yet willing to override them for the common good. Effective 
implementation will provide bread-and-butter benefits in preserving home 
values, protecting the quality of life and sustaining economic strength. 

Elsewhere in this document the reader will find amply justified 
expressions of appreciation to  the numerous private citizens who served on 
the technical and citizens advisory committees. Policy was always determined 
by Board members, past and present. Their cooperation along with that of 
elected officials was crucial to  the completion of this work. In this regard our 
lasting gratitude is enthusiastically extended to the following: to  former 
founding member and Chairman, Leonard W. Hall; former County Executives 
Ralph G. Caso and H. Lee Dennison; County Executives John V. N. Klein and 
Francis T. Purcell; former Board members, Thomas Halsey and Robert Flynn; 
and present Board members: Vice Chairman Seth Hubbard, Vincent Balletta, 
Robert Bell, Winfield Fromm and John Wickham. Finally, words are often 
weak and fruitless when attempting to  describe the single most important 
contribution. For that I simply conclude with where it all began, was and 
will be, by use of proper noun: Dr. Lee E. Koppelman. 

Harold V. Gleason 
Chairman 

xi 
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Foreword 

Newsda y Photo 

Water, life's ultimate indispensible mineral, is no match for its greatest 
enemy, man. But man's victory i s  hollow. 

"Mommy, my toothbrush tastes funny." This scene could be early 
morning in Levittown, Lynbrook or Port Jefferson, as a typical Long lsland 
family prepares to begin another day. The circumstances along with others 
similar in consequence could become reality in the absence of the compre- 
hensive water quality management program contained in this multi-faceted 
work. Even with this document, they might come to pass. The program only 
shows the way. Unless implemented, toothbrushes may indeed begin to taste 
funny and surface waters, commercially and recreationally, may become 
endangered hydrological species. In this brief context-citing hazards but 
knowing they can be eliminated-l write this introductory segment with 
utmost pride. This work, in my opinion, represents excellence unusually dis- 
tinctive in quality, a demonstration of a public agency's ability to create, 
produce and execute at the highest level of competency. 

Long lsland possesses rich and unusual natural bounty: white and 
pebbleless ocean sands, vast expanses of salt meadow, white-cedar swamps, in- 
land pine barrens, flat plains, colorful downs, fiordlike harbors, bays, ponds, 
lakes and freshwater bogs. It offers something to suit the taste for nature in 
each of us. I t  i s  a remarkably varied, beautiful and fertile insular tract, lying 
at the threshold of the greatest urban center in the nation. For 250 years 
after its first settlement Long lsland changed l i t t le .  From 1812 to the turn 
of the century Suffolk County's total population increase amounted to  only 
42,582 souls. Even the railroad did little to alter the generally rural 
atmosphere. All this serenity came to an abrupt end following World War II 
when people, equal in number to the population of more than a dozen 
states, emigrated eastward across the city line. Vast public works were carried 
out, parkways and expressways laced the largest island on the Atlantic sea- 
board. But it was not until 1974, two years after passage of the Federal Water 
Pollution Control Act Amendments, that the fruits of environmental 
management became apparent and resulted in this far-reaching document. 
Chronologically it represents the Region's fourth most important plan- 
following the Nassau County Charter in 1938, the Suffolk County Charter in 
1959 and the Bi-county Comprehensive Development Plan in 1970-affecting 
the lives of all i t s  residents. 

There is a valid question concerning the Region's success in developing 
comprehensive studies. Would they be possible without a regional planning 
agency? Possibly, yes; anything is. But as timely and of such professional 
calibre; probably not. Therefore, the underlying wisdom in establishing an 
areawide regional planning agency has been amply justified. The Nassau- 
Suffolk Regional Planning Board was created in 1965 by adoption of ordi- 
nances and resolutions by the Boards of Supervisors of Nassau and Suffolk, 
in accordance with provisions of the General Municipal Laws of New York 
State. As the solutions to economic and social problems become increasing- 
ly regionwide in nature, having this agency with a proven track record in 
performance already in place will serve as a source of assurance to Long 
lsland citizens. 

I t  would be extremely shortsighted to view this plan as just another 
study-its pages like leaves on trees, deciduous and gone, once fallen to the 
ground. I t s  direct value is in its use as a working document, important to the 
life-styles of future generations and business growth. Indirectly, the applica- 
bility of i t s  analyses and findings renders it of national importance and in 
turn assures national recognition of Long lsland as a homogeneous entity 
with identity well beyond its false reputation as simply a bedroom 
community. 

There is a legal expression, "The evidence speaks for itself." So do the 
following pages. In the main, Long Island's water supply, derived solely from 
i t s  own groundwater sources (and not even partially from Connecticut-the 
erroneous impression lingers) i s  adequate in terms of quantity. Tunnels from 
upstate or other outside sources are not only unnecessary, they are equally 
foolish even to consider. But there i s  the point-blank question of preserving 
the quality of our water. This stern challenge must be met by the courage of 
government supported by an informed constituency, sensitive to parochial 
interests, yet willing to override them for the common good. Effective 
implementation will provide bread-and-butter benefits in preserving home 
values, protecting the quality of life and sustaining economic strength. 

Elsewhere in this document the reader will find amply justified 
expressions of appreciation to the numerous private citizens who served on 
the technical and citizens advisory committees. Policy was always determined 
by Board members, past and present. Their cooperation along with that of 
elected officials was crucial to the completion of this work. In this regard our 
lasting gratitude i s  enthusiastically extended to the following: to former 
founding member and Chairman, Leonard W. Hall; former County Executives 
Ralph G. Caso and H. Lee Dennison; County Executives John V. N. Klein and 
Francis T. Purcell; former Board members, Thomas Halsey and Robert Flynn; 
and present Board members: Vice Chairman Seth Hubbard, Vincent Balletta, 
Robert Bell, Winfield Fromm and John Wickham. Finally, words are often 
weak and fruitless when attempting to  describe the single most important 
contribution. For that I simply conclude with where it all began, was and 
will be, by use of proper noun: Dr. Lee E. Koppelman. 

Harold V. Gleason 
Chairman 
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Prefatory Comments 

Introduction 
The passage of the Federal Water Pollution Control Act Amendments 

of 1972 heralded a new era in environmental management. National interest 
and purpose was stated in the goal to achieve "water quality which provides 
for the protection and propagation of fish, shellfish and wildlife and provides 
for recreation in and on the water" by 1983, wherever attainable. I t  not only 
set forth a timetable for action but also provided some new approaches to  
solving the problems of our nation's polluted waters. For the first time there 
is  a clear recognition that improved quality and the prevention of further 
pollution will also require changes in land use and management of growth 
in addition to the prevailing practice of building sewage treatment works. 
Non-point sources of contamination which result from construction and 
agricultural activities, highway runoff, widespread discarding of the residues 
of modern society, and the lack of control over animal wastes, etc. must now 
be considered. The Act is a landmark in three other instances. It provides for 
a comprehensive planned approach, requires strong citizen participation in 
the planning process and mandates a commitment from state and local 
governments to implement the results of the planning effort. 

Section 208 of the Act specifically creates a comprehensive water 
quality management program to  deal explicitly with both the treatment and 
the prevention of water pollution. The plans prepared under this program 
must include a process for meeting established water quality goals and must 
show that management institutions exist with sufficient financial and legal 
authorities to implement the plan; or that new institutional arrangements 
will be created to achieve this purpose. 

The Nassau-Suffolk Regional Planning Board (NSRPB) was designated 
by Governor Malcolm Wilson in December 1974 as the regional planning 
entity to carry out Section 208 planning for Nassau and Suffolk Counties. 
Realizing that a program of this magnitude had to  have the support and 
input from those governmental agencies that either have an interest in, 
or a mandated role to play in water pollution control, the NSRPB imme- 
diately established a Technical Advisory Committee (TAC) to assist i t  in 

the preparation of the plan. The initial voting constituency of the TAC 
included representatives from the Nassau County Departments of Health, 
Public Works and Planning. The Suffolk County participants were from the 
Departments of Health and Environmental Control and the Suffolk County 
Water Authority. The seventh member was the Executive Director of the 
Nassau-Suffolk Regional Planning Board who served as Chairman of the 
Technical Advisory Committee and Project Director for the overall program. 

In addition to the seven voting members, representatives from the 
Interstate Sanitation Commission, Region I I of the Environmental Protection 
Agency (EPA), the New York State Department of Environmental Conserva- 
tion (NYSDEC), the United States Geological Survey (USGS), the Suffolk 
County Soil and Water Conservation District and the Soil Conservation 
Service (SCS), the Cooperative Extension Service (CES) and the New York 
State Department of Health (NYSDH) were invited to participate as resource 
members. 

In accordance with the guidelines for Section 208, and prior practices 
of the Board in conducting other regional planning studies, the Citizens 
Advisory Committee (CAC) was created to provide input to the TAC from 
the general public, and to act as a forum for distributing the findings of the 
study to the general public. 

The Program received a $5.2 million grant from the EPA to  carry out 
the detailed work program necessary to comply with the requirements of 
the Act. 

Between January 1975 and June 1978 the TAC, which was formed 
prior to the grant award in June 1975, met a t  least one day a week, first 
for the design of the Program and selection of consultants, and then for 
the general conduct of the Program. The CAC met bi-weekly during this 
period. 

The consultants retained to carry out specific technical tasks were 
selected by national solicitation on the basis of merit. This single factor was 
one of the key elements in achieving the high level of competence displayed 
in the Plan. 
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Report Description 
This volume is a consolidation of the six interim reports, and the 

special report on animal wastes, published during the conduct of the study. I t  
summarizes the almost 200 technical documents used in the preparation of 
the 208 Plan. In addition, two new sections have been added that discuss the 
results of the organics sampling program and the nitrates study. This 
particular information was an integral input into the Plan and appears here in 
print for the first time. 

This volume affords the serious reader a reasonably complete summary 
of the scientific and planning data used in developing and substantiating the 
direction of the recommended alternatives in the Summary Plan (Volume I). 

The presentation i s  in nine sections, with two appendices. The first two 
sections describe surface and groundwater conditions, followed by four 
sections that provide more detailed information on the four major parameters 
that impact ground and surface waters, i.e., viruses, organics, nitrates and 
animal wastes. The next section explains the types of models used for ana- 
lytical and predictive purposes in assessing ground and surface water condi- 
tions. The last two sections present the management alternatives and popula- 
tion projections developed for the Plan. The appendices provide detailed 
tabular demographic data. 

Section One-Surface Water Quality-contains the summarized results 
of the collection and review of all existing data on marine surface waters; 
the statistical analysis of, and identification of shortfalls in, the existing 
data; the design of field sampling programs to complete the data base; and the 
design, calibration and verification of the mathematical models used to  repre- 
sent and predict surface water quality under various conditions. 

Section Two-Groundwater Conditions-is presented in three parts. The 
first discusses the availability of water in the two counties, and includes a 
brief explanation of some of the previously proposed water management 
plans applicable to Long Island. The second part is an assessment of the 
principal sources of groundwater contamination. The last part characterizes 
existing groundwater conditions, by aquifer; discusses trends in quality; and 
summarizes the preliminary findings of the virus study and organics evalu- 
ation. 

Section Three-Virus Study-proceeds from a literature review to a 
discussion of the methodology used in site selection, sample collection, virus 
concentration and isolation, and identification procedures and related tests. 
This i s  followed by a discussion of the results of the study in terms of i t s  
implications for ground and surface waters. 

Section Four-Organics-summarizes the methodology and analytical 
results of the sampling program, which attempted to determine the types of 
organic compounds that may already have contaminated portions of the 
aquifer system. Health implications are discussed. 

Section Five-Nitrates-provides an overview of existing data on nitro- 
gen sources to groundwater. The methodologies and results of fertilizer use 

surveys and field studies are described. The relationship between development 
and groundwater quality degradation i s  examined, and a regional nitrogen 
budget i s  presented. 

Section Six-Animal Wastes-discusses the impact of animal wastes as a 
major non-point source of pollutants to ground and surface waters. It also 
contains a series of administrative and legal recommendations for the control 
and management of animals and their wastes. 

Section Seven-Modeling Studies-presents a brief description of the 
hydrodynamic principles used in the design of water quality models. This i s  
followed by a description and discussion of the surface water and ground- 
water models used in the 208 Study. 

Section Eight-Management Options-addresses non-point pollution 
sources and stresses non-structural solutions, stormwater runoff control, 
conservation, and watershed management in the first of two parts. The latter 
portion addresses point source pollution control, where the emphasis is on 
structural solutions. Conventional treatment technology is described. The 
balance of this part mentions alternatives to conventional technology, ranging 
from sprinkler irrigation and meadow/marsh/pond systems, to  on-site facil- 
ities. 

Section Nine-Population Projections 1975-1995-contains estimates 
of the 1975 population and of the population a t  zoned capacity for each of 
the 108 municipalities, 126 school districts, and 30 drainage basins in the two 
counties. It also contains population projections in five-year intervals for 
these areas. Two appendices are included. The first is a complete tabular list- 
ing of the projection series. The second discusses the comparison of these 
projections with projections made earlier by other agencies. 

Administrative Observations 
The Section 208 effort discussed herein has proven to  be challenging 

and rewarding. Since the Program is entirely new from a national point of 
view, i t  can serve as an example for other parts of the nation. An indication 
of the strengths and weaknesses, successes and failures resulting from this 
initial effort can assist in the formulation of continuing programs to be 
carried out in this Region and in other parts of the country. 

First among the strengths, we should acknowledge the strong interest 
and support received from Region I I  of EPA, which recognized that Nassau 
and Suffolk Counties are completely dependent on groundwater for potable 
water supply; have a varied and complex marine environment surrounding 
the entire Region; and contain areas of human settlement that represent 
the full triad of planning concerns, i.e., urban, urban-suburban interface, 
suburban-rural interface. The recognition by EPA that all three impact the 
natural environment led to the granting of sufficient funds-well beyond the 
normal allocation formula-to carry out the program. 

Second among them was the full cooperation in the best professional 
sense, of the various members of the TAC who represented organizations 



with sometimes strong and differing institutional biases. Third was the very 
high caliber of  talent that exists in public service at all levels of  government 
and which is  evidenced in the results of this Study. A fourth source of 
strength was the impartial selection of consultants by the TAC without any 
external political or parochial controls to inhibit i t s  national search for 
the most competent firms; and a f i f th was the establishment of a strong 
CAC, who were self-organized rather than selected by the agency. 

The weaknesses of the Program were primarily of an administrative 
and timing nature. Two major limitations were imposed by the insistence 
of EPA on plan completion, including approval by the Governor, within 
a two-year planning period. Although the Act requires Plan development 
within twenty-four months, provisions existed for project design prior to 
this phase for up to twelve months. EPA determined to  dispense with the pre- 
planning opportunity. In a sense this fiat i s  the antithesis of the planning 
concept itself. The Agency was forced to "learn on the job," thus creating 
plans by work assignment amendments. The problem was further com- 
pounded by the changes in guidelines, regulations and reporting procedures 
imposed by EPA after the contract and original work program were agreed 
upon and approved. In essence, EPA was also "learning on the job." 

The remedy for these time constraints was either to  curtail some of 
the work efforts or to rigorously manage the productivity of  staff and con- 
sultants. We chose the latter course, thus placing all of the participants under 
constant pressure. This in not an optimal administrative choice. 

The second shortfall could have developed a t  the end of the planning 
period. Implementation, in the full sense of  the term, often can take as much 
time as the Plan development process itself. I f  the intent i s  to achieve the 
sincere acceptance and approval of the general public and various elected and 
appointed officials-and not be the result of default-then the planners and 
CAC members must have adequate opportunity to present the case. This was 

attempted in part during the plan development period. The Project Director 
delivered nearly 50 presentations to various governmental, professional, civic, 
environmental and business groups in the two counties. Other members of  the 
TAC, CAC, and consultants also made many presentations. However, the Plan 
options themselves could only be finalized a t  the end of the planning process. 
Thus, the public information phase has to extend beyond the first two years. 
This i s  particularly the case in a region of almost three million people. One, or 
even several, "public hearings" are simply not adequate. 

Fortunately, our colleagues a t  EPA recognized this problem and 
granted a time extension. Thus far, the Project Director and other TAC mem- 
bers have made formal presentations to almost all of  the municipal govern- 
ments and the two county legislative bodies. In some instances, towns have 
asked for a second public hearing in order to attract wide citizen attendance. 
This will be done in the coming weeks. The speakers' bureau, organized by 
members of the Citizen Advisory Committee, has assumed the responsibility 
for making similar presentations to non-governmental groups. I t  i s  pleasant to 
note that the result of these efforts have been overwhelmingly positive. Sup- 
port from government, in the form of formal resolutions of support, has been 
most gratifying. 

Another positive result has been the immediate implementive responses. 
One of the major towns directed their 201 consultant to conform to the 208 
Plan recommendations. In another case, the Attorney General of the State of 
New York has taken steps to ban or otherwise control the sale and use of 
certain toxic compounds that can contaminate ground and surface waters. 
The County of Suffolk i s  in the process of  placing de-icing materials under 
proper cover, and several municipalities have passed ordinances to control 
animal wastes. EPA itself has designated the aquifer of Long Island to be a 
"Sole Source Aquifer." These are encouraging indications that the Long 
Island 208 Plan will not be a shelved "paper plan." 

July 31, 1978 Lee Koppelman 
Project Director 
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of organisms that characterize them will differ from system to system. For 
example, the main autotrophic component of eastern terrestrial Long lsland 
is characterized by scrub oak and pine trees, whereas the main autotrophs of 
the marine ecosystem are floating and attached algae and marine grasses. 

Each species exists and carries on a bas~c funct~on, which i s  the transfer 
of energy from one organism to another. Organisms that receive their 
energy from the same source, whether they are the same species or not, are 
on the same trophic or energy level. For example, clams, oysters and mussels 
are all filter feeders relying on plankton and organic particulate matter for 
their nutrition, and are therefore on the same trophic level. A highly simpli- 
fied example of the trophic levels and energy cycling along a salt marsh on 
Long lsland i s  shown in Figure 1-1. It is obvious that changes in any one 
component can have both qualitative andquantitative effects on other 
components. It i s  because of this that any evalutaion of wastewater treatment 
alternatives, which will impact one or more of these factors, must be consid- 
ered in light of their effect on the entire system. I t  i s  the intent of the 208 
Study to define possible adverse effects from various alternative management 
schemes and to minimize them as much as possible in the light of existing 
and newly generated information as outlined in the following sections. 
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FIGURE 1 -1 Illustration of  a Simple Saltmarsh-Estuarine Ecosystem 
on Long lsland. 

1 .I SURFACE WATER QUALITY STUDIES 
The surface water quality program of the 208 Study has involved: 
1. Collection and inventory of all existing data on marine surface waters 

of Long Island. 
2. Statistical analyses, reduction and identification of shortfalls in 

existing data. 
3. Design of field sampling programs to update historical data and fi l l  

in data gaps. 
4. Design, calibration and verification of mathematical models capable 

of representing existing water quality and predicting future changes that 
may be expected to occur under varying wastewater treatment regimes. 

The basis of any scientific study is  the detailed gathering and analysis of 
all existing information concerning the topic under investigation. Tetra Tech, 
Inc., the prime marine water quality consultant, has amassed data containing 
more than 400,000 observations on the physical, chemical and biological 
characteristics of Long lsland waters. These data were analyzed as to com- 
pleteness, length of record and accuracy for each bay system and data gaps 
identified. Based on these analyses, water quality reports were prepared 
(see bibliography) and field sampling programs designed to fill in missing data 
and to calibrate and verify the mathematical models. An example of the 
procedures used in developing the data base is shown in Figure 1-2. 

One of the significant components of the Long lsland 208 Study 
centers on the development and use of appropriate mathematical models. The 
wastewater management plan for this area ultimately depends on the ability 
to quantify a preference for one s e t  of structural and non-structural alterna- 
tives over another. In the process of doing so, i t  i s  necessary to understand in 
numerical terms just what the impact of these alternatives may be on ground 
and surface waters in terms of both the changes in movement and quality 
that result from the options used. The modeling efforts are directed to this 
end by providing flexible tools to evaluate and predict such impacts without 
engaging in prohibitive or even impossible trials on the actual water bodies 
themselves; that is, modeling is a surrogate for reality in which certain basic 
interrelationships in the real world are captured by mathematical statements. 
By manipulating these statements one simulates, as it were, the events that 
actually take place. The models are therefore a conceptual shorthand for 
organizing the complex interactions which occur between the water bodies 
and the stresses placed on them. It is possible in this way to carry out "what 
if" experiments on nature by replacing the actual driving forces (as well as 
initial and boundary conditions) by altered ones, which presumably would 
represent new structural and non-structural options. That we can simulate 
these changes without having to engage in physical alterations is one of the 
great virtues of models. Also we can look into the future by tracking present 
conditions to see what eventual effects they may produce on water 
movement and quality. Finally, one can generate alterations in initial and 
boundary conditions to find the "best" future scenario. 



Fl GUR E 1 -2 Data Evaluation Procedure. 

Water quality modeling for the study involved both two-dimensional 
estuary and one-dimensional river models. The following parameters are 
included in both types of models: 

-Conservative substances (such as salinity) 
-Total nitrogen 
-Total phosphorus 
-Total coliform bacteria 
-Fecal coliform bacteria 
-Carbonaceous biochemical oxygen demand (CBOD) 
-Nitrogenous biochemical oxygen demand (NBOD) 
-Dissolved oxygen 
-Temperature 

The two dimensional estuary models include three different 
programs-dynamic estuary, steady-state estuary and time-dependent estuary. 
The dynamic estuary model uses changing tidal conditions to simulate the 
hydrodynamics of flow in the estuary. This model is useful for studying short 
term (one to three days) changes in water quality due to variations in tide 
stage. The steady-state estuary model takes changes in water mixing and dis- 
persion of the materials under consideration to represent daily average 
conditions that would prevail i f  all inputs to the system are kept constant. 
This model i s  appropriate for comparing alternative management schemes 
under typical conditions. The time-dependent estuary model uses dispersion 
coefficients for the parameters being studied, similar to  the steady-state 
model. However, the boundary conditions and waste load inputs are varied to  
compute average conditions as a function of time, for example, to determine 

the effects of a storm. This model is useful when simulations over time 
(greater than three days) are of interest. 

The water quality river models are virtually identical to the steady-state 
estuarine model except that the movement of water i s  calculated in one 
direction only (downstream). 

Each of the models represents the estuarine systems as a network of 
nodes connected by links (See Figure 1-3) where each node represents a 

FIGURE 1-3 Diagram of Link Node System for Bay and Estuarine 
Models. 



discrete unit of  the water body characterized by i t s  surface area, depth and 
volume. The nodes are interconnected by channels or links characterized by 
length, width, cross-sectional area, depth, slope and bottom friction. Water 
masses are modeled as flowing between the nodes along these links resulting 
in changes in the water quality parameters under study. The reader is directed 
to Section Seven, outlining the detailed conceptual and mathematical frame- 
works of the models, for further information. 

Detailed modeling and data collection is  being carried out for the 
following marine surface waters (Figure 1-4): 

South Shore Bays 
-Great South Bay 
-Hempstead, Middle, East and South Oyster Bays 

North Shore Bays 
-Manhasset Bay Complex 
-Hempstead Bay Complex 
-Port Jefferson 
-Peconic Estuary-Flanders Bay 
-Huntington-Northport Complex 
Rivers 
-Carlls River 
-Peconic River 
In addition to water quality modeling, non-modeling water quality 

reports are also being prepared for the following areas (Figure 5): 
-Western Long Island Sound including Little Neck Bay 
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-Cold Spring Harbor and Smithtown Bay 
-Nearshore Atlantic Ocean 
-Moriches Bay 
-Shinnecock Bay 
-Mecox Bay 

An example of the type of sampling program required to calibrate and 
verify the models i s  shown in Figure 1-6. For the Great South Bay Complex 
alone, six survey vessels with technical personnel were required to sample 42 
stations on each of four days. Station locations for each bay system are 
shown in Figures 1-7 through 1-13b. The reader is  referred to the individual 
technical repotis listed in the bibliography for more detailed information on 
each bay. 

At  each station, water samples were obtained and analyzed for temper- 
ature, salinity, dissolved oxygen, dissolved and total phosphorus, nitrate, 

ammonia, total nitrogen, chlorophyll pigments and total fecal coliform 
organisms. Additional information was also recorded for water depth, trans- 
parency, wind speed and direction, bottom sediment type and tide stage. 
The latter information, when combined with temperature and salinity, allows 
calibration of the hydrodynamic portions of the models. The output of this 
part of the model is then used in determining the water quality parameters. 

Dissolved oxygen is an important biochemical parameter since it i s  
ind'icative of the relative rates of organic production by marine plants and 
respiration by bacteria and other marine animals. Depressed oxygen levels are 
often associated with areas receiving organic waste material, such as that 
derived from treatment plants. .High concentrations of phytoplankton may 
also lead to low oxygen values due to respiration during evening hours. 
Severely depressed oxygen levels can lead to large-scale mortalities in organ- 
isms unable to migrate from the areas, especially benthic animals such as 
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clams and oysters. 
Dissolved nitrogen and phosphorous are essential plant nutrients. How- 

ever, elevated concentrations or abnormal ratios of the two nutrients can lead 
to "bloom" conditions or changes in the normal species composition of the 
phytoplankton. If these algal blooms grow large enough because of abundant 
nutrients, they can contribute to the oxygen demand by their respiration 
and decomposition. 

Chlorophyll pigment concentrations are used as indicators of the 
amount or standing crop of phytoplankton. In some cases, it is possible to 
correlate chlorophyll and nutrient concentrations and thus make decisions 
regarding the amount of nutrients that can be allowed to enter a system from 
sewage treatment plants or other sources. 

Total and fecal coliform organisms are bacteria.which have long been 
used as indicators of fecal pollution. The non-fecal coliforms are found 
normally in the environment and can be derived from a variety of sources, 

such as stormwater run-off and decomposing organic matter. Fecal coliforms, 
on the other hand, are found only in the intestines of warm-blooded animals 
and as such have been used to indicate fecal pollution. They are harmless 
in themselves but are statistically correlated to the possible presence of patho- 
genic bacteria. 

An example of the type of output obtained'from the models is shown 
in Figure 1-14 for a transect across Port Jefferson Harbor. The curves indi- 
cate the effects of discharging 15 million gallons per day a t  node 1 (head 
of harbor), node 9 (center of harbor) and node 18 (mouth of harbor). The 
increase in both nitrogen and phosphorus is  easily seen when discharge..takes 
place a t  the head of the harbor. Model predictions such as these are extreme- 
ly valuable when considering not only treatment plant size, but also the 
location of the discharge point. The structural and non-structural wastewater 
treatment alternatives that were considered in each of the modeling efforts 
are more fully detailed in an interim report to be published. 
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Table 1-1 1.3 NON-POINT SOURCE POLLUTION 
A major source of pollution for both surface and groundwaters has only 

recently been recognized. Non-point source stormwater run-off may contrib- 
ute as much as 90% of the total pollutant load entering surface waters. 
Domestic pets and farm animals contribute large amounts of coliform 
bacteria, organics and nutrient wastes. Lawns, recreational areas such as golf 
courses and agricultural lands are sources of herbicides, pesticides and ferti- 
lizers. Roadways contribute tars, silt, hydrocarbons and heavy metals such as 
lead, zinc and nickel. 

In contrast to flowing streams and point sources of pollution, such as 
wastewater discharges, non-point source pollutants enter surface water under 
highly variable conditions depending on duration and intensity of precipi- 
tation and the degree and type of development in an area. One objective of 
the 208 Study has been to identify and quantify the pollutants entering 
surface waters and subsurface aquifers under conditions found in the Long 
Island area. This information has been used as input to the water quality 
models and to determine the relative contributions of pollutants from point 
and non-point sources. 

Four agencies sampled fifteen areas which are characterized by six 
different land uses (Table 1-1). Samples obtained were analyzed for the. 
following constituents: 

-Biochemical oxygen demand (BOD) 
-Chemical oxygen demand (COD) 
-Total organic carbon (TOC) 
-Suspended solids, volatile solids 
- Total nitrogen, nitrate, nitrite, ammonia 
-Total phosphorus, ortho-phosphorus 
-Dissolved oxygen 
-Total coliforms 
-Fecal coliforms 
-Heavy metals 
Because the volume and character of stormwater run-off i s  highly 

dependent upon the types and degree of development in an area, the land use 
for all of Nassau and Suffolk counties had to be determined before non-point 
source pollution loadings could be calculated. The Nassau-Suffolk Regional 
Planning Board constructed a network of grids, each approximately one 
square mile, covering a l l  of the bi-county area. Percentages of land in resi- 
dential, industrial, agricultural and open space use were assigned for each 
grid square. Aggregations of squares within each drainage basin then allowed 
correlation of land use with the stormwater run-off characteristics obtained 
from the field sampling program. 

Computer analysis of the data provided plots of each pollutant entering 
the streams over the course of each storm as well as the calculations of load 
factors for each pollutant based on land area. These load factors have been 
used to obtain stormwater loadings for each bay in relation to the amount of 
precipitation and for assigning overall yearly loads to surface and 

NON-POINT SOURCE SAMPLING LOCATIONS A N D  L A N D  USE CLASSIFICATION 

Area Land Use 

Valley Stream Medium density residential 
Massapequa Creek Medium density residential 
Cedar Swamp Creek Mixed land use 
Mill Neck Creek Low density residential 
Wildwood Agricultural 
Miller Place Low density residential 
Sagaponic Agricultural 
Baldwin Medium density residential 
Lake Success Low density residential 
Swan River Mixed land use 
Sampawams Creek Medium density residential 
Penataquit Creek Medium density residential 
Heartland Industrial Park Industrial 
Long Island Expressway Major roads 
West Branch Browns River Medium density residential 

groundwater. Table 1-2 l is ts  a summary of average load factors for each of 
the areas sampled. A number of conclusions can be drawn from this table 
that are applicable to the Long Island area: 

1. There are no appreciable differences in both BOD and suspended 
solids in run-off from different land uses. That is, all land uses have consistent 
load factors for both parameters. 

2. There is no real difference between medium and low density 
residential areas with respect to total nitrogen and phosphorus loadings 
(nutrients); there are no major differences between roads and industrial areas 
for total nitrogen and phosphorus; residential load factors for nutrients are an 
order of magnitude higher than loadings for roads and industrial areas. 

3. There i s  no significant difference between low and medium density 
residential areas with respect to both total and fecal coliforms. 

4. The industrial areas have consistently high values for heavy metals. 
Medium density residential areas exhibit elevated load values. 

5. In the first six categories of pollutants, no differences can be 
discerned between medium and low density residential land uses in terms of 
run-off characteristics. 

1.4 TOTAL ANNUAL LOADS FROM POINT AND NON-POINT SOURCES 
Data obtained from the point source and non-point source inventories 

has been calculated for each drainage basin in the Nassau-Suffolk region. 
The reader is  directed to reports prepared by R. F. Weston listed in the biblio- 
graphy for detailed discussion of the data and methodology involved. 
Figure 1-15 shows the individual drainage basins and areas contributing 
surface run-off directly to streams and salt water bodies, while Table 1-3 lists 
the total pounds of six pollutants contributed to surface water from each 
basin per year and the percentage of each pollutant as represented by point 



Parameter 

BOD 

F. c01i4 

T. ~ o l i 4  

Lead 

Chromiun 

Copper 

Nickel 

Land Use 

Table 1-2 

LOAD FACTORS FOR LAND USES IN THE NASSAU-SUFFOLK  REGION^ 

Medium Density Residential 
Low Density Residential 
Roads 
lndustrial 

Medium Density Residential 
Low Density Residential 
Roads 
lndustrial 

Medium Density Residential 
Low Density Residential 
Roads 
l ndustrial 

Medium Density Residential 
Low Density Residential 
Roads 
lndustrial 

Medium Density Residential 
Low Density Residential 
Roads 
lndustrial 

Medium Density Residential 
Low Density Residential 
Roads 
lndustrial 

Medium Density Residential 
Low Density Residential 
Roads 
lndustrial 

Medium Density Residential 
Low Density Residential 
Roads 
lndustrial 

Medium Density Residential 
Low Density Residential 
Roads 
lndustrial 

Medium Density Residential 
Low Density Residential 
Roads 
lndustrial 

Average Load Factor 
Lbs. of Pollutant Per Number of 

(Acre) (Inch) Storms Sampled Standard Deviation 

7 ~ i ~ h  density residential and open space were not sampled. Agriculture was sampled and no appreciable runoff resulted. 
2 Neither BOD nor TOC was sampled in a low density area. 
3 SS was not sampled in this land use category. 
4 Units are MPNNacre) (inch) 
5 Coliforms were not analyzed in this land use. 



source, dry-weather stream flow and wet-weather run-off. Long term data on 
dry-weather stream flow were not available for all areas and are indicated in 
the Table by the letters NA. 

The following conclusions can be drawn from Table 1-3. 
Nassau County 
1. With reference to  BOD, it i s  quite apparent that except for drainage 

basin N5, point sources dominate the pollutant contributions. They range 
from 74 percent of the total loads in N6 to 94 percent in N 1. The only 
exception is N5 where run-off contributes 70 percent of the total load. 
The influence of the wastewater treatment plant at Bay Park in N1 is  readily 
apparent in Table 3 since point sources contribute 94 percent of BOD, 

2. Suspended solids behave opposite to  BOD, i.e., run-off contributes 
more than point sources. Loadings of suspended solids from wet-weather 
run-off range from 62 to 94 percent of the total annual load from basins 
N2 to N6 and in only one case, basin N1, do point sources dominate the 
total load. Again, the impact of Bay Park with i t s  large discharge is readily 
apparent in N 1. 

3. Total nitrogen appears to be dominated by point sources. The point 
sources account for between 48 and 95 percent of the total load in each 
drainage basin. I t  should be noted that in drainage basin N1, when stream 
effects are included, only two percent of  total nitrogen i s  accounted for by 
the base flow in the streams, while over 95 percent is attributed to point 
sources. This could reflect the influence of Bay Park. In drainage basin N2, 

the streams' influence increases to 36 percent, compared to 54 percent for 
the point sources. The point source percentages reflect the influence of  the 
Cedar Creek Plant. The point source contribution will increase as the Cedar 
Creek Plant flow increases in the future. 

4. Total phosphorus appears to be dominated by point sources in all 
the basins except for N5; they account for 65 to  93 percent of  the total load 
in each of the basins except N5. The percentage contributed by stream flow 
in N1 and N2 is only one percent. 

5. Fecal coliform load is clearly dominated by run-off rather than point 
sources. The clear domination of run-off appears in five out of the six Nassau 
County basins (N2 through N6) and ranges from 72 to  99 percent. Even in 
basin N1 with the influence of Bay Park, run-off contributes an almost equal 
amount of coliform as the point sources. Equally important i s  the zero dry 
weather contribution from streams indicating dry weather f low i s  not a 
major problem. 

6. Total coliform i s  given as a total number rather than a percentage 
because only six out of 127 treatment plants, in both Nassau and Suffolk, 
measure and record total coliform. Because complete data does not exist, 
percentages cannot be compared without distorting the results. However, 
the results would be similar to fecal coliform, ie., domination by run-off. 

7. By reviewing results by drainage basins, the following conclusions 
can be drawn: in drainage basin N1, which would correspond to the most 
heavily populated basins, as well as the most urbanized, domination by point 
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sources is apparent in all parameters. This is due to the effluent from Bay 
Park and some of the other treatment plants that discharge in this drainage 
basin. Drainage basin N5, which is the most rural basin, shows the exact 
opposite, i.e., the total pollutional load from each ot  the parameters i s  
dominated by run-off rather than by point sources. 

Suffolk County 
1. The total loads of the six parameters are almost always dominated by 

run-off, primarily due to the fact that there are not many large treatment 
systems in Suffolk County. Only in small drainage basins with a large point 
source would there be a significant percentage of contribution from point 
sources (such as in drainage basins S11 B, S3 and S4). 

2. There is a significant difference between Nassau and Suffolk Coun- 
ties in terms of which sources contribute the major portion of the total load. 
In Nassau, point source contributions dominate in most basins. However, 
in Suffolk, run-off contributes more pollutant material than the point 
sources. The one exception, in Nassau, is fecal coliform which is predomi- 
nantly derived from run-off. Between 47 and 100 percent of the fecal 
coliform load comes from run-off in all drainage basins. In Suffolk County, 
run-off accounts for between 86 and 100 percent of fecal coliform loads to 
surface water. 

3. Pollutant loadings are substantial in terms of total pounds per year, 
especially with respect to suspended solids. 

4. The major portions of the pollutant loads originated in the western 
drainage basins, S1 through S8. Assuming impact on water quality is pro- 
portional to loads, pollution control efforts should focus on these basins. 

1.5 WATER QUALITY AND ALTERNATIVE EVALUATIONS 
Using information derived from historical data searches, the marine 

field sampling programs and point and non-point source loadings, a series 
of modeling studies were carried out to predict water quality characteristics 
and to  evaluate proposed structural alternatives for certain bay systems. Table 
1-4 i s  a compilation of all water quality data generated in the 208 Study. 
The values were derived from verified steady-state numerical models where 
possible. In the case of non-modeled systems, data was obtained from the 
water quality assessments based on historical data as prepared by Tetra Tech, 
Inc. Since each bay system undergoes large seasonal variations in chemical and 
biological processes, only data from the months of July through September 
were used. This insures that changes due to temperature variations would be 
minimized. It should also be remembered that the nomenclature used to 
describe the South Shore bays i s  artificial in that all bays between Hempstead 
Bay and eastern Great South Bay are actually one large bay complex. The 
data for Great South Bay in Table 1-4 has been broken down into three geo- 
graphical areas: western Great South Bay from the Nassau-Suffolk County 
line east to the Captree Bridge; central Great South Bay from the Captree 
Bridge east to Nicolls Bay; and eastern Great South Bay from Nicolls Bay east  
to Smith's Point. Several conclusions may be drawn from this information: 

1. Tidal ranges for all North Shore bays are significantly greater than 
for the Peconic-Flanders or the South Shore bays. 

2. The salinity range for individual North Shore bays i s  generally much 
narrower than for the South Shore bay complex. This i s  mainly due to 
longer flushing times and greater freshwater input in South Shore bays 
compared to those of the North Shore. 

3. Dissolved oxygen values vary widely between bays. Only Hempstead 
Bay and Middle Bay showed steady-state values below the s ta te  standard of 
5.0 milligrams per liter for SB waters. This does not mean that other areas 
have not or will not experience values below the standard. The values in 
Table 4 are tidally-averaged, steady-state and as such do not show variations 
due to changes in seasonal or diurnal respiration and photosynthesis. For 
example, dissolved oxygen values in Great South Bay are generally above 
100% saturation but may fall as low as 30% saturation during the night in 
summer months. 

4. Biochemical oxygen demand values are generally higher for the 
North Shore Bays than for South Shore Bays. The high North Shore values 
are generally attributed to Long Island Sound water, which receives loadings 
from the East River. I f  the effects of algal respiration are added to the values 
for South Shore bays, the values for bays east of Middle Bay would increase 
significantly, bringing them in line with Hempstead and North Shore bays. 

5. Nutrient values are generally higher in North Shore areas than in 
the south bay system. Again, this most likely reflects the effects of enriched 
Long Island Sound water. 

6. Nitrogenlphosphorus (NIP) ratios are calculated based on total values 
for both constituents except where noted. In the latter case, only data on 
ammonia, nitrate and phosphate were available. In general, nearshore ocean 
values for N/P ratios are generally about 10:l. Values lower than this are 
generally associated with changes in species composition and algal blooms 
characterized by chlorophylla levels higher than 20 milligrams per liter. 

A comparision of NIP ratios and chlorophyll a values illustrates this 
point. N/P ratios in the North Shore bays are generally below 10: l  and 
show elevated chlorophyll values whereas the South Shore bays generally 
have NIP ratios higher than 10: 1 and chlorophyll values below 20 milligrams 
per liter. Exceptions are seen in Hempstead Harbor and in the central and 
eastern portions of Great South Bay where upper chlorophyll values exceed 
twenty. This is most likely due to the increased nitrogen loadings from 
streams in the South bay areas. 

7. The total coliform standard for shellfishing areas is 70 MPN per 
100 milliliters (log = 1.85). In general, coliform levels in the North Shore 
bays bracket this value and indeed all or part of each bay has been closed 
to shellfishing. The western South Shore bays are generally above the 70 MPN 
per 100 milliliters standard. However, i t  should be noted that the transect 
used in modeling the South Shore bays runs along the north shore of these 
bays, and is therefore closer to point and non-point sources of pollution. 
Areas of central and eastern Great South Bay are generally below the 70 MPN 
standard. 



Table 1-3 

Drainage Basin 

N-1 
N -2 
N -3 
N -4 
N -5 
N S 

Nassau ~ o t a l ~  

S-1 
S -2 
S-3 
S-4 
S-5 
SS 
s -7 
S-8 
S-9 
S-10 
S-11 A 
S-11 B 
S-I 2A 
S-128 
S-12C 
S-13A 
S-138 
S-14 
S-I 5A 
S-I 58 
S-16A 
S-I 6B 

Suffolk ~ o t a l ~  

L bs/Y r 
Total 

4,530,000 
1,540,000 

699,000 
1,650,000 

368,000 
164,000 

8,951,000 

BOD 
% Run- % Pt. 

off3 source3 

6 94 
20 80 
18 82 
10 90 
70 30 
26 74 

APPROXIMATE PERCENTAGES OF THE TOTAL POLLUTANT LOADS TO SURFACE WATERS 
CONTRIBUTED BY POINT SOURCES, DRY-WEATHER STREAM FLOW 

AND WET-WEATHER NON-POINT SOURCES 11975) 

L bs/Y r 
Total 

9,500,000 
3,400,000 
1,480,000 
1,960,000 
2,000,000 

447,000 

18,787,000 

2,240,000 
2,750,000 
1,550,000 
1,690,000 

780,000 
727,000 

2,380,000 
1,210,000 

51 0,000 
305,000 

57,000 
826,000 

51,000 
483,000 
359,000 

87,000 
424,000 
108,000 
477,000 
867,000 
164,000 
42,000 

18,087,000 

36,874,000 

ss 
% Run- 

off3 

22 
7 1 
64 
62 
94 
76 

99 
98 
89 
90 
99 

100 
99 
84 

100 
100 
100 
44 
91 
95 

100 
100 
85 

100 
100 
100 
100 
95 

% Pt. 
source3 

78 
29 
36 
38 
6 

24 

1 
2 

11 
10 

1 
- 
1 

16 
- 
- 
- 

56 
9 
5 
- 
- 
15 
- 
- 
- 
- 
5 

LbsIYr 
Total 

5,880,000 
1,830,000 

645,000 
701,000 
1 99,000 
1 10,000 

9,365,000 

964,000 
707,000 
180,000 
171,000 
69,000 
46,000 

213,000 
136,000 
35,000 
23,000 

4.1 00 
84,000 

2,900 
32,000 
23,000 

5,400 
88,000 
6,700 

32,000 
55,000 
11.000 
4,100 

2,892.000 

12,257,000 

TN 
% Run- 

off 

3 
10 
10 
12 
52 
2 1 

16 
27 
51 
52 
66 

100 
74 
52 

100 
100 
100 
36 

100 
100 
100 
100 
26 

100 
100 
100 
100 
64 

% 
Stream 

2 
36 

NA 
NA 
N A 
NA 

83 
70 
49 

N A 
N A 
N A 
NA 
N A 
NA 
N A 
N A 
N A 
NA 
N A 
NA 
NA 
NA 
N A 
NA 
NA 
N A 
N A 

% Pt. 
Source 

95 
54 
90 
88 
48 
79 

1 
3 
0 

48 
34 
- 

26 
48 
- 

- 
- 

64 
- 
- 
- 
- 

74 

- 
- 
- 

36 

7 Reflects runoff loading only 
2 Rounded total 

percent of  partial loading; dry weather stream flow not included. 

Note: NA  = Not Applicable 



Lbs/Yr 
Total 

866,000 
202,000 
11 5,000 
89,000 
34,000 
27,000 

1,333,000 

76,000 
146,000 
35,200 
40,000 
16,000 
12,000 
60,000 
42,000 
13,000 
8,000 
1,400 

33,000 
800 

7,500 
7,600 
1,600 

1 1,000 
1,800 

10.000 
16,000 
3,700 

700 

543,000 

1,876.000 

TP 
% Run- 

off 

6 
34 
16 
27 
58 
29 

80 
47 
87 
58 
72 

100 
83 
57 

1 00 
100 
100 

25 
100 
100 
100 
100 
69 

100 
100 
100 
100 
100 

% 
Stream 

1 
1 

N A 
N A 
NA 
N A 

20 
49 
13 

N A 
NA 
NA 
NA 
N A 
NA 
NA 
N A 
NA 
NA 
N A 
NA 
N A 
N A 
N A 
NA 
N A 
NA 
NA 

% Pt. 
Source 

93 
65 
84 
73 
42 
71 

- 
4 
- 

42 
28 
- 

17 
43 
- 

- 
- 

75 
- 
- 
- 
- 

3 1 
- 
- 
- 
- 
- 

MPN/Yr 
Total 

1.6~1016 
1.1~1016 
3.5~1015 
9.9~1015 
2.4~1016 
2.1~1015 

6.6~1016 

8.0~1015 
1.2~1016 
8.5~1015 
1.5~1016 
7.8~1015 
6.7~1015 
1.6~1016 
5.8~1015 
2.5~1015 
1.3~1015 
3.1 ~ 1 0 1 4  
4 . 9 ~ 1 0 ~ 5  
4 . 0 ~ 1 0 ~ ~  
4.6~1015 
2.4~1015 
7.2x1014 
2.8~1015 
2.4~1015 
3.3~1015 
7.4~1015 
1 .ox1 015 
4 . 0 ~ 1  014 

1 .I XI 017 

1.8~1017 

F. Coli 
% Run- 

off 

47 
72 
90 
95 
99 
98 

98 
98 

100 
99 
99 

100 
99 
99 

100 
100 
100 
99 

100 
100 
100 
100 
98 

100 
100 
100 
100 
86 

% 
Stream 

0 
1 

N A 
NA 
NA 
N A 

1 
1 
0 

N A 
N A 
NA 
N A 
N A 
N A 
N A 
NA 
NA 
NA 
NA 
NA 
N A 
NA 
NA 
N A 
NA 
NA 
N A 

% Pt. 
Source 

53 
27 
10 
5 
1 
2 

1 
1 
0 
1 
1 
- 
1 
1 
- 
- 
- 
1 
- 
- 
- 
- 
2 
- 
- 
- 
- 
14 

T. Coli 
MPNIYr 
~ o t a l l  

4.1 ~ 1 0 1 6  
4.7~1016 
2.1~1016 
2.7~1016 
4.6~1016 
7.1 ~ 1 0 1 5  

1.9~1017 

4.4~1016 
5.4~1016 

2.86 ~ 1 0 1 6  
3.5~1016 
1.8~1016 
1.6~1016 
5.0~1016 
2.1 ~ 1 0 1 6  
1 .ox1 016 
60x1 015 
1.2~1015 
5.6~1015 
1 .ox1 01 5 
1.1~1016 
7 . 6 ~ 1  015 
1.9~1015 
7 . 8 ~ 1  o1 5 
2 . 4 ~ 1 0 ~ 5  
1.0~1016 
1 . 9 ~ 1  016 
3.4~1015 

8.8Ox10l4 

3.5~1017 

5 . 4 ~ 1 0 ~ 7  

Drainage Basin 

N-1 
N-2 
N-3 
N -4 
N-5 
N -6 

Nassau Total 2 

Suffollk Total 2 



Table 1-4 

COMPILATION OF WATER QUALITY DATA DERIVED FROM NUMERICAL MODELS AND HISTORICAL DATA 

North Shore South Shore 

Western Huntington- Northport- Peconic- 
Long Island Manhasset Hempstead Oyster Lloyd Centerport Port Flanders Hempstead 

Sound Bay Harbor Ba Y Complex Complex Jefferson System Bay Units 

ft. Tidal Range 

Salinity 

Temperature 

Diss. O2 

BOD5 

T. Phos. 

T. Nit. 

N IP 

Chl 2 

T. coli. 

F. coli. 

atoms 

mg1L. 

log 

log 

South Shore 

Middle 
Bay 

2.5-3.5 

29-31 

21 -23 

4-6 

0.7-0.8 

0.04-0.1 1 

0.33-0.70 

East 
Bay 

2.0-3.0 

29-31 

20-22 

5-6 

0.5-0.7 

0.01 -0.04 

0.33-0.45 

South 
Oyster 
Bay 

1.2-2.0 

30-3 1 

21 -22 

5-7 

0.3-0.5 

0.01 -0.02 

0.25-0.38 

Great 
South Bay 

West 

1 .O-3.0 

29-31 

22-23 

6-8 

0.1 -0.3 

0.01 -0.02 

0.1 3-0.25 

Great 
South Bay 

Central 

Great 
South Bay 

East 

0.4-0.8 

22-27 

22-23 

8-1 0 

N D 

0.05-0.09 

1.33-1.65 

Mecox 
Bay 

Moriches Shinnecock 
Bay Bay 

1.5 2.0 

25-31 27-32 

22-24 22-24 

ND ND 

ND ND 

Units 

Tidal Range ft. 

Salinity PPt. 

Temperature OC. 

Diss. O2 mg/L. 

BOD5 mgIL. 

T. Phos. rng1L. 

T. Nit. mg1L. 

2.0 variable 

NIP atoms 14-18 25-78 45-60 30-3 1 0.5-2.0 
(dissolved) 

26-49 Chl a mg1L. 5-1 7 9-12 3 -6 4-8 

T. coli. log 2.2-2.6 2.0-2.4 1.9-2.0 1.8-1.9 

F. coli. log 1.5-1.6 1.5-2.0 1.4-1.5 1.3-1.6 

* N D  = No Data 

18 Note: Only data for months of July through September are included in this table. 



1.5.1 Structural Alternatives Examined for Long Island Surface Waters 

The following section lists the point sources for each of the modeled 
bays, the structural alternatives proposed and results of these model evalu- 
ations where available. 

Point Sources for Manhasset Bay 

1. Mill Pond 7. Manhasset Valley Park 
2. Port Washington Sewage Pond Creek (Whitney Lake) 

Treatment 8. Great Neck Sewer District STP 
3. Baxter Pond 9. Great Neck Village STP' 
4. Knickerbocker Drain 10. South Pond (Mann's Creek) 
5. Stannard's Drain 1 1. Mitchell's Creek 
6. Leed's Pond 12. Wilson's Pond 

Table 1-5 

SUMMARY OF ALTERNATIVES EXAMINED FOR MANHASSET BAY COMPLEX 

Wastewater Sources 

Great Neck STP @ 3.5 MGD 
Village of Great Neck STP @ 1.5 MGD 
Kings Point-Manhasset Collection District @ 2.0 MGD 
Port Washington Sewer District STP @ 4.5 MGD 
Plandome-Sands Point Collection District @ 2.0 MGD 
Roslyn STP @ 0.7 MGD 

Treatment Type and Effluent Characteristics 

BODE T .  Nit.* T. Phos.' T. c o ~ i . ~  F .  colit 

Secondary 30  30 4 400 200 
Advanced 10  3 4 400 200 

Discharge Locations 

Current 
Mid-Bay 
Long Island Sound 

values in mg/L 
t values in MPN/100 ml 

1.5.2 Alternative Analyses For Manhasset Bay Complex 
As can be seen from Table 1-5 the number of treatment plants, the esti- 

mated future flows, the type of treatment and the outfall locations result in a 
very large number of possible structural alternatives for wastewater manage- 
ment in this area. In addition to the type of modeling efforts previously 

described, an entire series of "incremental load values" were calculated for 
each possible combination of alternatives. These will be used along with 
environmental analyses to determine the most cost-effective and environ- 
mentally sound management plan. 

GRAPHIC SCALE: Nauticol Hills , @ - POINT SOURCE 

FIGURE 1-16 Point Source Locations for Manhasset Bay. 



Point Source Locations for Hempstead Harbor 

1.  Cedar Swamp Creek 
2. Powers Chemco 
3. Glen Cove STP 
4. Scudders Pond 
5. N. Tappan Drain 
6. S. Tappan Drain 
7. Powerhouse Drain 
8. Swan Club Pond 
9. Drain at Swan Club 

10. Drain North of 
Emmanuel's Pond 

11. Emmanuel's Pond 
12. Rosl y n STP 
13. Roslyn Duck Pond 
14. Roslyn Viaduct 

(North Center, S) Pipes 
15. Roslyn Incinerator 
16. Drain North of Hempstead 

Harbor Beach 

Table 1-6 

SUMMARY OF ALTERNATIVES EXAMINED FOR HEMPSTEAD HARBOR 

Wastewater Sources 

Glen Cove @ 6.5 MGD 
Sea Cliff-Roslyn Harbor Collection District @ 5.0 MGD 
Oyster Bay STP @ 2.0 MGD 
Unsewered Bayville and East Norwich areas @ 2.7 MGD 
Port Washington Sewer District @ 4.5 MGD 
Unsewered Plandome-Sands Point Collection District @ 2.0 MGD 
Great Neck Sewer District @ 3.5 MGD 
Unsewered King's Point area @ 2.0 MGD 
Roslvn STP @ 0.7 MGD 

Treatment Type and Effluent Characteristics 

Secondary 
Advanced 

Discharge Locations 

Current 
Mid-Bay 
Long Island Sound 

values in mg/L 
values in MPN/100 ml 

1.5.3 Alternative Analyses for Hempstead Harbor 
Because of their proximity to one another, many of the structural 

alternatives examined for Manhasset Bay are also possible alternatives for the 
Hempstead Bay complex. Again, a series of incremental values (milligrams per 
liter of constituent per million gallons per day or equivalent units) were calcu- 
lated for the series of alternative loads, treatment type and discharge location 
examined. As mentioned previously, boundary conditions (water quality in 
western Long Island Sound) have a major influence on water quality within 

Long Island North Shore bays. For this reason, two sets of boundary condi- 
tions were chosen for the model runs: yearly averages and "typical worst 
case" conditions. In addition to these, a "zero discharge" situation (no treat- 
ment ~ lants)  was also run as a basis for comparison. 

LONG ISLAND SOUND 

GRAPHIC SCALE: Nautical Mile; 

O- 

I 
73.M 73 1 38 

F lG U R E 1 -1 7 Point Source Locations for Hempstead Harbor. 



Point Sources for Oyster Bay-Cold Spring Harbor 

1. Oak Neck Creek 6. Center Island STP 
2. Mill Neck Creek-Factory Pond 7. Tiffany Creek 
3. Kentuck Pond Creek 8. Cold Spring STP 
4. Mill Pond Creek 9. Cold Spring Brook 
5. Oyster Bay STP 

Secondary 
Advanced 

Table 1-7 

SUMMARY O F  ALTERNATIVES EXAMINED 
FOR OYSTER BAY-COLD SPRING HARBOR COMPLEX 

Wastewater Sources 

Oyster Bay 8 3.1 cfs 
Oyster Bay with unsewered Bayville area @ 4.96 cfs 
Oyster Bay with unsewered East Norwich area @ 5.43 cfs 
Oyster Bay with both Bayville and East Norwich @ 7.29 cfs 

Treatment Type and Effluent Characteristics 

BOD: T. Nit.' T. Phos.' T. c o ~ i . ~  F. c o ~ i . ~  

30 30 4 400 200 
10 3 4 400 200 

Discharge Locations 

Current 
Mid-Bay 
Long Island Sound 

values in mg/L 
t values in MPN/700 m l  

1.5.4 Alternative Analyses for Oyster Bay-Cold Spring Harbor 
Treatment plant loadings as proposed by the engineering consultants 

were evaluated as shown in Table 1-7. 

The results of modeling studies have shown that there is a relatively 
minor improvement in surface water quality for all constituents whether 
receiving secondary or advanced treatment with outfalls located at mid-bay or 
present locations. For example, an increase of 0.1 milligrams per liter of 
nitrogen is  seen under the highest loading (7.29 cfs) with secondary treatment 
at the present location. These results are consistent with the high flushing rate 
of the area and the levels of nutrients in Long Island Sound waters which 
reflect loadings from the East River. 

X,." V,." ,,.,, ?>." 

LONG ISUND SOUND 

FIGURE 1-1 8 Point Source Locations for Oyster Bay-Cold Spring 
Harbor Complex. 



Point Sources for the Huntington-Northport Complex 

1. Mill Road Creek 5. Stony Hollow Run 
2. Huntington STP 6. Northport STP 
3. Huntington Harbor Creek 7. Storm drain 
4. Centerport Mill Pond 

Table 1-8 

SUMMARY O F  ALTERNATIVES EXAMINED 
FOR HUNTINGTON BAY-NORTHPORT HARBOR COMPLEX 

Plant 

Huntington @ 13 MGD 
Huntington concurrent operation @ 6.5 MGD 
Northport concurrent operation @ 6.5 MGD 

Treatment Type and Effluent Characteristics 

BOD; T .N i t . *  T.Phos.* T.coli.7 F.co1i.t 

Secondary 
Advanced 

Discharge Locations 

Huntington 

Current 
Mid-Bay 
Long Island Sound 

Northport 

Current 
Mid-Bay 

values in mg/L 
values in MPN/IOO rnl 

1.5.5 Structural Alternative Analyses-Huntington-Northport Complex 
The objective of this work was to provide quantitative estimates of the 

effects of projected effluent discharges on receiving water quality using the 
verified numerical model. A variety of treatment plant loadings as proposed 
by the engineering consultants was examined and the loadings are listed 
in Table 1-8. 

Comparisons of secondary versus advanced waste treatment with con- 
current discharge of 6.5 million gallons per day at two plants indicated that 
secondary treatment is clearly unacceptable. Nitrogen, phosphorus and BOD 
concentrations would be approximately one order of magnitude higher than 
they are a t  present. The impact of this increase i s  difficult to quantify but i t  
is reasonable to assume that significant increases in these parameters will 

result in adverse changes in the system. Coliform counts are presently above 
the limit s e t  for shellfishing (not more than 70 MPN per 100 milliliters 
due mainly to the contributions from Huntington Harbor Creek and storm 
drain inflow. The incremental effect of sewage treatment plant discharge on 
coliform concentrations i s  minimal since coliforms are essentially removed 
in the treatment process. 

Comparisons of secondary versus advanced treatment with a single 
plant discharging 13 million gallons per day at the present Huntington STP 
location indicate there would be effective nitrogen and BOD removal with 
advanced treatment but little removal of phosphorus. Again, there appears to  
be negligible impact with respect to coliform concentrations due to treatment 
plant discharges. 

Comparisons of secondary treatment alternatives with different out- 
fall locations indicate that substantial improvement in water quality would 
occur by moving the outfalls to the mid-bay area. Under these conditions, 
neither concurrent discharge of 6.5 million gallons per day at the present 
Huntington and Northport plants nor 13 million gallons per day discharge 
from the Huntington plant alone causes appreciable change over the 
present condition. 

LONG l S U N D  SOUND 

FIGURE 1 -1 9 Point Source Locations for Huntington-Northport Complex. 



Point Sources for Port Jefferson Harbor Complex 

1. Port Jefferson Creek 4. Long Island Lighting Company 
2. Exxon Storm Sewer 5. Setauket Creek 
3. Port Jefferson STP 6. Conscience Bay Stream 

Table 1-9 

SUMMARY OF ALTERNATIVES EXAMINED FOR PORT JEFFERSON HARBOR 

Plant 

Port Jefferson @ 2, 5, 8.5, 10 and 15 MGD discharge rates 

Secondary 

Effluent Characteristics 

BOD; T. Nit.* T. Phos.* T. co1i.t F. coli.7 

30 30 4 400 200 

Discharge Locations 

Current 
Mid-Bay 
Harbor Entrance 

* values in rng/L 
values in MPN/100 rnl 

BOD and Fecal coliform values are 7 day arithmetic means 

1.5.6 Alternative Analyses for Port Jefferson Harbor 
The 208 Study, in response to requests by county agencies involved in 

the 201 Facilities Plan for Port Jefferson, ran a series of management alterna- 
tives using the verified numerical model. Table 1-9 lists the various options 
examined. 

Since tidal cycle and degree of flushing are highly significant in Port 
Jefferson, the "worst case" tide giving minimum flushing was used in the 
models. 

Discharging 15 million gallons per day to the current location results in 
a four-fold increase in total nitrogen and a three-fold increase in total phos- 
phorus over baseline conditions or discharge at the harbor entrance. 

Modeling results for BOD and coliforms show essentially the same 
results as found for nutrients; that is, a significant increase over baseline 
conditions with 15 million gallons per day discharging at the current location 

and decreasing effects as the outfall i s  moved closer to the mouth of the 
harbor. However, there are more localized effects in these parameters 
especially around the discharge points. 

In all cases, differences between baseline and proposed alternatives 
became increasingly less by moving the outfall closer to the harbor entrance. 
This i s  a reflection of the effect of boundary conditions on water quality in 
the harbor. One might conclude that the presence of contaminants in Long 
Island Sound could reduce the benefits of relocating a waste discharge nearer 
the harbor entrance. (However, any marked future improvement in Sound 
water quality will increase the benefits to be gained from good waste manage- 
ment steps taken now.) 

Additional analyses have led to the recommendation to allow secondary 
treatment at the existing outfall i f  dissolved oxygen levels are monitored, and 
to motivate nitrogen removal if dissolved oxygen levels are not maintained 
above 5.0 milligrams per liter. 

F l G U R E 1-20 Point Source Locations for Port Jefferson Harbor Complex. 



Point Sources for the Peconic Estuary-Flanders Bay System 

1. East Creek 10. Peconic River 
2. Reeves Creek ' 11. Little River 
3. Crescent Duck Farm 12. White Brook 
4. Meetinghouse Creek 13. Goose Creek 
5. Broad Cove Duck Farm 14. Birch Creek 
6. Terry's Creek 15. Mill Creek 
7. Shubert Duck Farm 16. Hubbard Creek 
8. Sawmill Creek 
9. Riverhead STP 

Table 1-10 

SUMMARY O F  ALTERNATIVES E X A M I N E D  FOR 
PECONIC ESTUARY-FLANDERS B A Y  

Plant 

Riverhead @ I ,  9 and 20 M G D  discharge rates 

Treatment and Effluent Characteristics 

Secondary 

BOD; T. Nit. '  T. Phos." T. co1i.t F. coli.7 

Discharge Locations 

Current Site 
Mid-Bay 
Flanders Bay-Great Peconic Bay Boundary 

values in mg/L 
t values in MPN/100 ml 
BOD and Fecal coliform values are 7 day arithmetic means 

1.5.7 Alternative Analyses for Peconic Estuary-Flanders Bay 
As with each of the other modeled bays, a series of structural manage- 

ment alternatives were proposed. In addition, the 208 Study responded to 
requests by outside agencies to assist in modeling various alternatives for the 
201 Riverhead Facilities Plan. The range of alternatives i s  given in 
Table 1-10. 

Results of the modeling effort indicate there will be no significant 
effects on salinity within the area no matter which outfall location is chosen. 
It should be remembered that the model assumes complete vertical mixing in 
the water column and therefore predicted values are lower than the values 
that may occur in localized areas near discharge plumes. This holds for both 
conservative and non-conservative constitutents. 

The one million gallons per day case is representative of the present 
condition which has often resulted in severe oxygen depletion in the Peconic 
Estuary during evening hours due to diurnal cycles in photosynthetic 
activity. 

lncreases in nutrient concentrations above the present condition may 
be expected to reach 345% for the nine million gallons per day discharge and 
710% for the 20 million gallons per day situation. These estimates are based 
on nutrient accumulations near the outfall where the impact of the discharges 
is the greatest. lncreases in nutrients at the entrance to Flanders Bay are 
expected to be 200% (nine million gallons per day) and 400% (T- million 
gallons per day) above the present condition. 

Model predictions do not show significant changes in coliform mcen- 
trations resulting from increased effluent loads. These predictions a based 
on the assumption that the projected concentrations are truly repres. tative 
of 24 hour loads from the operating plant and that the coliform lecay 
coefficient of 0.5 per day is appropriate. 

Incremental increases in BOD were shown to be similar to increases in 
nitrogen and phosphorus in areas close to the outfalls. lncreases in BOD 
values a t  the entrance to Flanders Bay are relatively smaller than nutrient 
changes due to biological decomposition in diluted discharges. However, 
while tidally averaged model predictions do not show severe oxygen depletion 
due to effluent discharges, one should not assume that these situations will 
not occur at one time or another. Results of the field survey and model 
sensitivity studies have shown that even under present nutrient loadings, 
oxygen depletion can be expected to occur from time to time. Dissolved 
oxygen concentrations in the Peconic Estuary are primarily dependent on 
phytoplankton photosynthetic-respiration activity. Dissolved oxygen is 
therefore a function of available nutrients, light intensity and temperature 
and will vary according to the times of day and season. 

Discharge of proposed effluent loads at the mid-bay locations indicates 
that concentrationlgradients are far less pronounced and that better mixing 
of pollutants would be achieved. Concentration of nutrients a t  the mouth of 
the bay with this alternative is  much the same as for discharge at the present 
location, indicating that although the discharge point i s  closer to the entrance, 
increased flushing will maintain lower levels of nutrients. Near the outfall, 
increases over the one million gallons per day case are 163% (nine million 
gallons per day) and 338% (20 million gallons per day). This represents an 
improvement in receiving water near the outfall of greater than 50% com- 
pared with discharge at the present site. 

Discharge at the mouth of the bay results in significantly better mixing 
and dispersion of nutrients than at the present location. The pollutants are 
carried out and diluted in Great Peconic Bay so that receiving water nutrient 
concentrations are believed to be lower than for both other alternatives. 
While nutrient concentrations in the vicinity of the outfall are essentially 
the same when discharged at the mouth or at mid-bay locations, nitrogen and 



phosphorus concentrations within the bay are generally 20% less for the nine 
million gallons per day discharge and 30-40% less for the 20 million gallons 
per day discharge when the outfall i s  located at the entrance to the bay. 

Since dissolved oxygen concentrations are highly sensitive to  changes in 
rates of photosynthesis and respiration, a series of evaluations were carried 
out to determine the maximum permissible nutrient loadings which would 
maintain phytoplankton populations at levels not expected to cause oxygen 
depletion. Results of these analyses indicated that discharge of six million 
gallons per day with nitrogen removal at the mid-bay site would maintain 
nutrient concentrations and phytoplankton populations within a range 
where oxygen depletion would not be expected. 

FIGURE 1-21 Point Source Locations for Peconic Estuary-Flanders 
Bay System and Peconic River. GII.RIIC IC.LL MI,., 

,- F" 



Point Sources For South Shore Bays 

Soarce Name 

Hempstead Bay 

Lawrence STP 
W. Long Beach STP 
Bay Park STP 
Mill River (E + W) 
Long Beach STP 

Middle Bay 

LI LC0 Power Plant 
Oceanside lncinerator 
Parsonage Creek 
Milburn Creek 
East Meadow Brook 
Freeport Creek (,tidal, fed by East Meadow f rook) 
Freeport STP 
Freeport lncinerator 

Merrick lncinerator 
Jones Beach STP 
Newbridge Creek 
Bellmore Creek 
Cedar Swamp Creek 

Seamans Creek 
Seaford Creek 
Massapequa River 
Carman Creek 

East Bay 

South Oyster Bay 

Great South Bay 

Amityville Creek 
Woods Creek 
Great Neck Creek 
Strongs Creek 
Neguntatogue Creek 
Santapogue Creek 
West Brook 
Carlls River 
Park Ave. Apts. 

Node 
No. 

Harbor Club Apts. 
Sampawams Creek 
Willets Creek 
Skookwams Creek 
Trues Creek 
Watchogue Creek 
Penataquit Creek 
Awixa Creek 
Orowoc Creek 
Cascade Lakes 
Pardees Pond 
Champlin Creek 
Ocean Beach STP 
Connetquot River 
Green Creek 
Brown Creek 
Tuthills Creek 
Patchogue River 
Patchogue STP 
Watergate Garden Apts. 
Justus Roe 
Swan River 
Mud Creek 
Hedges Creek 
Beaverdarn Creek 
Motts Creek 
Carmans River 
Rattlesnake Brook 

(See Figures 1-13a and 13b for Point Source Locations). 

1.5.8 Alternative Analyses for South Shore Bays 
Table 1-1 1 gives a summary of all alternatives examined for the South 

Shore system. This i s  by far the most complex of all areas examined both 
from an ecological viewpoint and from the broad range of structural alterna- 
tives to  be examined. At least 65 separate model runs have been carried out 
for this system. It must be remembered that almost all of Nassau County i s  
already sewered, wheareas generally, only the western parts of Suffolk County 
are presently sewered. This reduces the number of alternatives available for 
Nassau County while increasing those for Suffolk County. As noted in 
Table 1-1 1, a series of regional, sub-regional and small plants are possible in 
Suffolk County. 



Table 1-1 1 

SUMMARY OF ALTERNATIVES EXAMINED FOR SOUTH SHORE BAYS 

The Nassau County cases, consisting of several combinations of alternative flows, 
ocations and diversions were run separately from Suffolk County alternatives. Suffolk 
:ounty cases were broken down into regional, sub-regional and small plants options and 
vere run with existing Nassau County average point source loadings as background. 

Nassau County Loadings 

Lawrence STP @ 1.0 MGD 
West Long Beach @ 0.9 MGD 
Jones Beach @ 0.2 MGD 
Long Beach @ 8.0 MGD 
Bay Park @ 75 MGD 
Bay Park and lnwood and Cedarhurst and 

Great Neck Peninsula @ 84.5 MGD 

Suffolk County Loadings 

Use Nassau County discharges as background 
Regional-Southwest Sewer District @ 30 and 54 MGD 

-South Central District @ 31 MGD 
Sub-Regional-Oakdale Sub @ 9 MGD 

-Southeast Sub @ 5.0,6.5 and 15 MGD 
-Yaphank-South Sub @ 6.5 and 8.5 MGD 
-With and without duck farms 

Small Plants-Patchogue @ 0.5 MGD 
-Watergate Apartments @ 0.02 MGD 

Treatment Type and Effluent Characteristics 

BOD; T. Nit.* T. Phos.* T. colit 

Secondary 30 30 4 400 
Advanced 10 3 4 400 

Discharge Locations 

Nassau Suffolk 

East Rockaway Inlet 
Long Beach STP 
Jones Beach STP 
Atlantic Ocean 
30-60 MGD recharge 

Atlantic Ocean 
Bergen Point 
Nicolls Bay 
Patchogue Bay 
Bellport Bay 

Point Sources for Moriches and Shinnecock Bays* 

1. Jergielwiez Processing Plant- 
Forge River 

2. Moriches Duck Farm- 
Forge River 

3. Certified Duck Farm- 
Terrell River 

4. Vigliotta North Farm- 
Terrell River 

5. Vigliotta West Farrn- 
Terrell River 

6. Rornanowski Duck Farm- 
Tuth i l l  Cove 

7. Vigliotta East Farm- 
Harts Cove 

8. Long Island Co-op  Plant- 
Seatuck Creek 

9. Powell Farm- 
Seatuck Creek 

10. Tut t le  Farrn- 
East River 

"Duck farms are the principal point  sources of pol lutant loading for 
Moriches Bay. 

Table 1-12 

ESTIMATED LOADINGS FROM DUCK FARMS AND NON-POINT SOURCES 

FOR MORICHES AND SHINNECOCK BAYS 

Moriches Bay Shinnecock Bay 
(Ibslday) (Ibslday) 

Direct rainfall 

Stormwater run-off 

Streamflow 

Groundwater seepage 

Duck Farms 

Total 

* values in  mg/L 
f values in  MPN/ I  00 rnl 

"Total inorganic nitrogen only 
( / assumes an N/P ratio 0.5 for duck farm effluent 



Table 1-13 

PROJECTED POINT SOURCE ALTERNATIVES: COMPOSITION OF WASTES 

Management 
Approach 

Study Region 
and Bay 

Flow 
MGD 

BOD 
#/day 

TSS 
#/day 

Total-Coli 
MPNlday Alternatives 

500 
167 

double loads 

Sub-Regional S. E. Sub. 
Yaphank t o  

Moriches 

secondary 
advanced 

Duck Farms 

Small p lant  

Small p lant  

Small p lant  

Hampton Bays 

t o  Moriches 

secondary 

advanced 

East Hampton 

t o  Shinnecock 

secondary 

advanced 

East Quogue 

t o  Shinnecock 

secondary 
advanced 

1.5.9 Alternative Analyses for Moriches-Shinnecock Bays 
Treatment plant options and estimated loadings as proposed by the 

engineering consultants are shown in Table 1-13. 
Non-point source loadings for this bay system include direct rainfall, 

stormwater run-off, streamflow, groundwater seepage and cesspool and septic 
tank leakage. Table 1-12 l i s t s  the relative contributions for both nitrogen and 
phosphorus from these sources and duck farms. The sources shown fall into 
two categories, transient and continuous. The continuous sources are of the 
greatest concern for the bay system. Even though tidal flushing i s  constantly 
diluting and removing part of the nutrient load from the system, i t  is appar- 
ent from averaged historical data that the larger continuous nutrient sources 
from streamflow, groundwater seepage and duck farm point sources are 
producing elevated nutrient levels in Moriches Bay. 

Transient sources such as direct rainfall and stormwater run-off are of 
less importance to the bay nutrient budget. Since most of Moriches and 
Shinnecock Bays are well flushed by tidal action, much of the material from 
these sources will probably be moved out of the system within less than 
one week. 

To reach their full impact, elevated nutrient levels must remain in the 
system long enough to allow for increased phytoplankton growth and result- 
ing changes in diurnal oxygen concentrations. This phenomenon probably 
occurs only in the tidal portions of rivers feeding into the Moriches and 
Shinnecock Bays where flushing rates are lower than the bays'. Obviously, 
these are the least desirable areas for receiving future point and non-point 
source loadings. 
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Section 

2.0 INTRODUCTION 
The bi-county 208 region is unique in New York State. Almost three 

million people depend upon ground water as their sole source of fresh water. 
The uses are broadly representative of man's need for water in a complex 
technological society, as well as the need for water for crop growing and 
domestic supplies. 

Section 2.1 discusses the availability of water in Nassau and Suffolk 
Countie's, suggests the need for additional data, and explains problems attrib- 
utable to heavy withdrawals of ground water. This section also includes a 
summary of water supply and use for Long Island. A brief explanation of 
some of the previously proposed local and/or regional water management 
plans i s  included. 

Groundwater Conditions 

Section 2.2 is an assessment of the principal sources of ground water 
contamination in the 208 region, based upon information from a much 
longer, more technical report which was one product of the overall study. 

Section 2.3 characterizes existing ground water conditions by aquifer, 
discusses trends in ground water quality, and summarizes the preliminary 
findings of a virus study and organics evaluation made during the course of 
the 208 investigation. 

2.1 GROUNDWATER SUPPLY 
2.1 . I  Background 

Ground water beneath Nassau and Suffolk Counties i s  the only source 
of fresh water supply for almost three million people. The quality and quan- 
tity of this water is modified by regional and local water supply development 
policies and waste disposal practices. Water i s  removed from aquifers, used 
and, in many cases, recharged back to the ground water reservoir in varying 
degrees of chemical alteration from i t s  original state. Alternatives which 
modify how waste water is treated and discharged in the region will each 
have an effect on the quality and the quantity of drinking water in the 
future. Therefore, i t  i s  important that the current water supply situation in 
the bi-county area be defined as part of the process for developing the Long 
Island 208 Areawide Waste Management Plan. 

2.1.2 Summary 
A number of concepts have been summarized in this section with 

particular regard to ground water quantity. Potential management plans were 
reviewed in light of available data and recent projections. Very few of the 
past studies of Long Island water resources detail the reasons for recom- 
mended water management alternatives such as massive water transfers and 
artificial recharge with reclaimed sewage effluent. Many reports infer that 
a critical shortage of water may be expected within the next few decades. 



Increased consumptive use and declining water levels have been equated 
with running out of water? The fact is that, on a bi-county basis, there is 
sufficient available ground water to su,pply Long Island's future saturation 
population as projected by NSRPB, providing that provisions are made for 
solving water quality problems in local areas and for adopting proper man- 
agement techniques. Regional water shortages within the foreseeable future 
caused by lowered water levels and/or salt water encroachment cannot be 
used as the basis for adopting complex and expensive engineering and con- 
struction programs. In evaluating waste water management options under 
208, emphasis must be placed on determining the impact of proposed plans 
on ground water quality and the effects on other segments of the environ- 
ment, such as stream flow and fresh water discharge to the surrounding salt 
water bodies. 

The present ground water situation, from the standpoint of wafer 
quantity only, in the Long lsland 208 region is characterized by the follow- 
ing: 

1. Major concentrations of pumpage have developed near areas of 
dense population, leaving other portions of the subsurface reservoirs under- 
utilized. This applies particularly to the east-west imbalance in pumpage 
distribution. 

2. The abandonment of shallow wells in favor of withdrawing water 
from progressively deeper aquifers has been the pattern of development 
throughout the more urbanized areas. 

3. Ground water pumpage in neighboring Queens County along with 
sewer construction are major factors in the decline of water levels in south- 
western Nassau County. 

4. Ground water is not developed according to a formal scientific plan 
or a long-term program with the objectives of protecting water quality, 
maximizing the available resource, or minimizing the impact on streams and 
bays. 

5. Adoption of water management proposals has been hampered by 
the fragmentation of responsibility among numerous water supply units, 
which are controlled by local economic and political factors, divorced from 
regional needs. 

6. Water and waste management schemes can be most effectively 
implemented if decisions regarding ground water resources are approached 
on an Island-wide basis. 

7. Predicted water level declines due to sewering and increased pumpage 
will not diminish the overall ability to meet water supply needs in the future 
but will adversely affect stream flow and fresh water discharge to  bays and 
estuaries. 

8. Salt water encroachment is a local problem and not a significant 
regional threat to ground water availability. 

9. Over the long-term, quantity does not represent a serious constraint 
on water supply self-sufficiency for Nassau and Suffolk. Subsequent sections 
of this report suggest that water quality degradation resulting from man's 

activities will be the principal constraint. 
Future water supply availability, cost and quality depend on a number 

of basic policy decisions that must be made now. Of greatest importance 
are whether or not to (1) regionalize development and distribution, (2) imple- 
ment water conservation techniques, (3) maintain stream flow and fresh 
water discharge, (4) enforce protective waste management practices, and 
(5) control activities that accelerate ground water quality degradation. 

2.1.3 Available Water Supply 
Two major water-bearing units, the Upper Glacial and Magothy 

aquifers, are the principal sources of water for the Long lsland 208 planning 
area. The Lloyd aquifer, a relatively unexploited source of water, lies beneath 
these two upper formations. Together the three aquifers contain over 60 
trillion gallons of water, representing the total amount of water in storage 
beneath the lsland (Cohen, 1968). 

Past evaluations have placed a number of different limits on the amount 
of this water available for development. These estimates are usually presented 
as the "safe" or "permissive" yield of the system. The concept of "safe" or 
"permissive" yield is normally defined as the amount of ground water which 
can be withdrawn from the system and used consumptively on an annual 
basis without producing undesirable results. For the Long lsland 208 region, 
water used "consumptively" simply means that the water is not returned to 
the ground water system. Determination of what is an undesirable result will 
be a major factor in the decision-making process that leads to the selection of 
waste management plans, as required by Section 208 of the Federal Water 
Pollution Control Act Amendments of 1972. 

As consumptive use increases, ground water is taken from storage. 
There is also a decrease in ground water discharge to streams and to the sea. 
These stresses on the ground water system result in water level declines and 
salt water encroachment. If consumptive use stabilizes and total recharge 
is not exceeded, a new equilibrium is established for water levels and salt 
waterlfresh water boundaries. If, however, consumptive use exceeds total 
recharge and ground water inflow, water levels will decline indefinitely and 
salt water will slowly replace the fresh water removed from storage. For 
Nassau and Suffolk Counties, sewer outfalls discharging to the ocean con- 
stitute the principal consumptive use of ground water. The most recent 
estimates of water availability, or permissive yield, have included consider- 
ation of substantial increases in sewering of the study region. 

Unfortunately, the term permissive yield is often interpreted in the 
same way for Nassau and Suffolk Counties' ground water supplies as it i s  for 
New York City surface water supplies. The safe yield of New York City 
surface water supplies is usually defined as the amount of water that would 
be available under conditions similar to those resulting from the 1962-1966 
drought. The Corps of Engineers estimates this yield as insufficient to meet 
future water demands, and therefore assumes the possibility of a water supply 
deficiency. In Nassau and Suffolk a drought of this or of even a more severe 



nature would cause only a slight diminution of the vast quantity of water in 
storage, with little prospect of real water shortage. An extended drought 
period would lead to undesirable conditions of a temporary nature, such as 
lowered ground water levels and decreased stream flow. 

2.1.4 Estimates of Existing Permissive Yield 
Both Nassau and Suffolk Counties have had comprehensive water 

supply studies in recent years. In 1971 Greeley and Hansen estimated a mean 
permissive yield of 151 million gallons per day for Nassau County (Greeley 
and Hansen, 1971). This figure was computed by using an extraction ratio* 
of 75 percent. Molzmacher, McLendon and Murrell computed a "permissive 
yield" of 466 million gallons per day for Suffolk County using a similar 
ratio (Holzmacher, 1970). The Nassau County Department of Health (NCDH) 
computed the average consumptive loss for Nassau County as 133 million 
gallons per day for the period 1969 to 1973. Annual consumptive loss for 
Suffolk County was on the order of 40 to 50 million gallons per day for 
that period. 

The studies estimated that large water table declines would occur at the 
permissive yields. Greeley and Hansen predicted a maximum decline of 30 
feet for Nassau County, based upon the assumption of county-wide sewering 
with effluent discharged by ocean outfalls. The Holzmacher, McLendon and 
Murrell estimate for Suffolk was for reductions of up to 75 percent of present 
elevations above sea level prior to  the establishment of equilibrium. The water 
table declines for Nassau are significantly greater than those predicted in 
recent runs of the U. S. Geological Survey analog model. The authors of both 
county investigations felt that a t  the permissive yield the salt water interface 
off the south shore would move landward to a new equilibrium position, 
perhaps a mile from its present location. 

A 1976 analysis of ground water response to sewerage programs and 
projected population increases by 1995 forecasts an increase in ground water 
withdrawals of 9.5 million gallons per day for Nassau County and 46.4 
million gallonsper day forsuffolk County (Kimmel and Harbaugh, 1976). The 
total modeled decrease in recharge by 1995 was estimated to be 39.9 million 
gallons per day and 42.7 million gallons per day for Nassau and Suffolk 
Counties, respectively. I t  was concluded that these stresses would result in 
water table stabilization after declines of as much as sixteen feet in east- 
central Nassau County, and as much as six feet in central Suffolk County by 
1995, with less of a decline forecast for the Magothy aquifer. Stream flow 
decreases by as much as 55 percent were forecast for southeast Nassau, with 
slightly higher decreases in the Huntington-Northport Sewer District. 

The future of the Jamaica Water Company in Queens adds uncertainty 
t o  estimating impacts of sewering in Nassau County. This supplier i s  pumping 
about 60 million gallons per day, creating a significant underflow from 

"Extraction ratio = amount of water pumped per year without undesired results 
divided by the average annual recharge in the water budget area. 

western Nassau to Queens. It is understood that upon completion of New 
York City's third water tunnel, distribution of surface water to this area will 
be possible (Groopman, 1977). However, the lack of additional surface water 
supply sources upstate will preclude complete replacement of the ground 
water presently supplied to Queens County, especially during periods of 
drought. I f  the Jamaica Water Company pumpage is curtailed, there would be 
a significant recovery of water levels in western Nassau. The magnitude of the 
anticipated change may be estimated from the analysis of water level declines 
attributable to Queens pumpage (Figure 2-1 1. 

The QueensINassau common water level decline illustrates the insignifi- 
cance of political boundaries with relationship to management of a resource 
that is common to the entire island. The present flow from Nassau to Queens 
is estimated at between ten and fifteen million gallons per day. While some of 
this movement is due to natural conditions, a significant portion is attribut- 
able to heavy pumping in Queens, which along with sewering and pumpage in 
Nassau County, has locally lowered water levels in the three principal aquifers 
to below sea level (Figures 2-2, 2-3, 2-4). This impact i s  particularly signi- 
ficant with regard to some of the plans previously proposed for future ground 
water development in the 208 region, which are discussed in a later section of 
this report. For instance, one scheme calls for installation of a regional well 
field in Suffolk County and pumping of water from the field to Nassau 
County. At present there i s  little natural exchange of ground water between 
these two counties. However, if water levels are allowed to decline substan- 
tially in Nassau County, natural underflow of ground water from Suffolk 
will occur. 

2.1.5 Salt Water Encroachment 
Reliable data concerning the intrusion of sea water into the Island's 

fresh water supplies are critical to  estimates of the future availability of 
potable ground water for Nassau and Suffolk Counties, and are particularly 
important to coastal suburban areas. However, the present boundaries of the 
fresh water reservoir on Long Island are not well defined in many areas. Data 
on the position of the interface at depth have been gathered mostly as a 
result of a limited number of U. S. Geological Survey cooperative studies, 
from wells drilled near the shore which have inadvertently intercepted salt 
water, and from wells drawing salt water after a period of time, as a result of 
heavy pumping. Areas of documented cases of salty ground water are shown 
on Figure 2-5. 

A complicating factor is that some of the increases in chloride content 
attributed to the intrusion of saline water actually may have been caused by 
sources other than the movement of a principal salt water body within an 
aquifer. Such sources include leaky casings or openings in the annular space 
surrounding well casings, which allow salty water in one aquifer to migrate to 
an overlying or underlying fresh water aquifer. Another contributing local 
factor is the contamination of fresh water aquifers, caused by the use of salt 
water in the mining of sand and gravel-as has occurred on the eastern portion 
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FIGURE 2-1 Ground Water Level Declines in Southwestern Nassau Attributable to Sewering Sewer District Two and to Pumping 
in Queens. 

of the Port Washington peninsula, where the shallow aquifers have been 
affected by leakage from artificial ponds containing salt water pumped from 
Hempstead Harbor. Other activities of man discussed in Section II of this 
report also contribute chloride to ground water. 

The Magothy i s  known to be fresh for i t s  entire depth throughout most 

of Nassau County, from i t s  northern boundary extending to an unknown 
distance south of the barrier beaches. The only salty region is in the extreme 
southwest corner of the county. In Suffolk, the Magothy is fresh over essen- 
tially the entire county, excluding the forks. On the North Fork, the lower 
Magothy is salty a t  the western end and probably entirely salty in the central 
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and eastern areas. Maximum depths to fresh water are only 200 to 300 feet 
(Holzmacher, 1970). Data from the South Fork indicate a similar situation, 
except that the interface under the widest portion of land area i s  somewhat 
deeper. 

The Pleistocene (Upper Glacial) sediments on the north shore are 
thought to be hydraulically equivalent to the Magothy. Deep Pleistocene 
deposits under Eatons Neck are salty. In recent years, wells 71 to 291 feet 
deep in the western part of the Kings Point area on the Great Neck peninsula 
have shown increasing chloride levels (Myott, 1976). The wells are screened in 
both Pleistocene and Lloyd (or equivalent) sediments. This situation i s  being 
studied by the U. S. Geological Survey and may be related to well construc- 
tion rather than intrusion. 

The Upper Glacial aquifer is  fresh over most of both counties except 
for local areas along the coast. The lower portion of the Upper Glacial aquifer 
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FIGURE 2-3 Potentiometric Surface of the Mago thy Aquifer in March 7975 

beneath the barrier islands and under much of the North Fork is salty. The 
South Fork has salty water in the Upper Glacial aquifer in the near-shore 
areas. 

The boundaries of fresh water in the Lloyd aquifer extend south of the 
barrier beaches in most of Nassau and Suffolk Counties. The Lloyd i s  fresh 
along the north shore except at Eatons Neck, part of Kings Point, and a small 
portion of Port Washington. Several wells in the Lido Beach-Long Beach area 
have shown rapid increases in chloride in the past. However, it has been 
determined that these isolated cases of salt water are due to leaky well casings 
rather than general contamination of the aquifer. Parts of the Lloyd in 
eastern Suffolk, including most of the South and North Forks, are salty. 

Detailed investigations in southwestern Nassau and southeastern Queens 
have provided information on how salt water occurs in an area which i s  
known to  be susceptible t o  encroachment (Perlmutter, 1963 and Lusczynski, 
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FIGURE 2-4 Potentiometric Surface of the Lloyd Aquifer in January 
1975. 

1966). Test data showed that the interface between salty water and fresh 
water existed in all the permeable sediments, and even within the relatively 
impermeable clays that interfinger with the water-bearing strata. Shallow, 
intermediate and deep salty water wedges in the unconsolidated deposits were 
identified (Figure 2-6). Zones of diffusion containing water lesssalty than sea 
water are as much as six miles wide and 500 feet thick. 

Of principal concern is the deep wedge which lies primarily in the basal 
Magothy and in the Raritan clay. This body trends southeast from South 
Ozone Park, under Woodmere, to a mile or two east of Lido Beach, where i t  
continues south of the shoreline. Salty water may be in the lower beds of the 
Lloyd several miles offshore. The intermediate wedge, which i s  in the Gardin- 
ers Clay, the Jameco Gravel and the upper part of the Magothy, i s  found 
south of the landward extent of the deep wedge. 

The intermediate and deep wedges have not been altered significantly 

n e w  y o r k  i 
I 

L '  LLOYD AQUIFER 

M - MAGOTHY AQUFER 

F lG UR E 2-5 Approximate Location of Past and Present Cases of Salty 
Ground Water in the Deep Aquifers in Nassau and Suffolk 
Counties, Excluding the North and South Forks. 

from their original position as a result of ground water development or other 
of man's activities. The deep wedge probably has not advanced more than 
1,000 feet since 1900. Regional rates of movement range from less than ten 
to twenty feet per year. However, tongues of salty water, moving in response 
to local concentrated pumpage, have encroached a t  somewhat higher rates in 
certain areas. It is estimated that the toe of the deep wedge in-the South 
Ozone Park area has intruded a t  a rate of about 160 feet a year, advancing 
3,500 feet between 1938 and 1960. A narrow tongue of salty water moved 
landward a t  a rate of about 300 feet a year between 1952 and 1960 in 
Woodmere. I t  had advanced about a mile in the preceding 50 or 60 years 
(Lusczynski, 1966). 

A study published in 1970 reviewed data collected over the period 
1960-1969 in the same area, in order to further evaluate conclusions reached 
in the earlier studies. Landward movement of the deep wedge of salty ground 
water was minimal. Significant changes in chloride content were noted in 
only three of 30 wells located near the interface (Cohen, 1970). 

Predictions of movement of sal t  water in response to future water 
development in the 208 region include the Hele-Shaw model studies for 
Suffolk County, which attempted to estimate the configuration of the inter- 
face under assumed initial pre-pumping conditions (Collins, 1972). The 
boundary along the north shore a t  Lloyd's Neck was placed near the shore- 
line. The interface in the Magothy south of Fire Island Inlet, was simulated to 
be 14 miles south of the southern shorelines of the mainland of Long Island. 
The results of another analysis showed that if the well withdrawal rate is 
equal to the total recharge over a period of 50 years, sal t  water would ad- 
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FIGURE 2-6 Location of Salty Ground Water in Southwestern Nassau 
and Southeastern Queens. 

vance at a rate of about twenty feet per year. The magnitude of this rate i s  
similar to that found in the U. S. Geological Survey study of southeastern 
Queens and southwestern Nassau Counties (Lusczynski, 1966). 

The future position and movement of the salt waterlfresh water inter- 
face is dependent upon the amount and pattern of the seaward flow of fresh 
water from the aquifers under Long Island. In addition, the hydraulic proper- 
t i es  of the geologic units and their relationship in the stratigraphic column 
affect the rates and manner in which the interface will change in response to 
new conditions. Clay units, such as the Gardiners and Raritan, help impede 
the vertical transfer of salt water between aquifers because of their low 
permeabilities. Intrusion under similar gradients will be faster in sediments 
of higher permeability, such as those of the Lloyd and certain sections of the 
Magothy. As consumptive use of water increases in many sections of Long 
Island, the interface will readjust to a new equilibrium position farther inland. 
This will probably occur as wedge-shaped tongues, rather than as wide fronts 
of encroachment. I f  wells are located away from the immediate position of 
the present salt water bodies, encroachment will be regional and hence quite 
slow. Pumping centers near the interface, however, may induce more rapid, 
local intrusion and certain wells may become contaminated. 

I f  present patterns of use continue, ground water outflow within the 
Magothy will be reduced along both the north and south shores of Nassau and 
Suffolk Counties. However, on the basis of past and present cases of salty 
ground water on Long Island, excluding those on the North and South Forks, 
it is expected that the regional impact of salt water intrusion will be small. 
The salt water wedges in the upper and lower Magothy in the southwestern 
and southern parts of Nassau, an area of historical salt water contamination, 
will probably not advance much more than a mile locally and less than a mile 
regionally by the year 2000 (Lusczynski, 1966). This would put the interface 
of the deep wedge in the vicinity of Sunrise Highway in Valley Stream and 
Lynbrook. Those few supply welts screened in the lower Magothy would be 
affected. Significant salt water encroachment along the south shore in eastern 
Nassau and in Suffolk i s  unlikely in the foreseeable future. 

Salt water along the north shore is  probably not far offshore in the 
Magothy (or equivalent) and Lloyd aquifers. Distances of one to two miles 
offshore have been postulated for the basal Magothy (or equivalent) in north- 
western Nassau (Isbister, 1966). Again, assuming regional rates of encroach- 
ment of ten to twenty feet per year, the impact of salt water intrusion would 
be small. Local problems within the Lloyd aquifer, particularly in parts of the 
Great Neck and Port Washington peninsulas, could develop if pumping 
centers are located too close to shorelines. Further east, there is no indication 
that salt water along the northern shoreline of Suffolk, with the exception of 
parts of Lloyd Neck and Eatons Neck, and the North Fork, will be a problem 
in  the foreseeable future. 

From the standpoint of water supply and waste water management, i t  is 
essential that the potential threat of salt water encroachment be viewed in its 
proper perspective and be fully understood. The loss of usable ground water 
resources has been minor in comparison to the extensive untapped fresh 
ground water supplies within the 208 study area. There i s  insufficient evi- 
dence to assume that water level declines due to increased pumpage, sewering, 
or temporary deficiencies in rainfall will result in massive encroachment of 
salt water. 

2.1.6 Ground Water Pumpage 
Withdrawals of ground water from the geologic formations beneath the 

Long Island 208 planning area now approach 400 million gallons per day. In 
1940 and in 1965, pumpage in the bi-county area was 105 and 330 million 
gallons per day, respectively. The increase corresponds to the rise in popula- 
tion related to suburban expansion eastward from the New York City 
metropolitan area. 

Pumpage and use characteristics within the study region vary from 
place to place. The divertor may be a single family operating its own domestic 
well on a small parcel of land; a large water district with a dozen individual 
high capacity wells located miles apart over several communities; a private 
water company with a single well field serving one subdivision; or an industry 



partially supplied by i t s  own well system and partially dependent upon a 
local utility. The amount of water withdrawn by these well owners ranges 
from a few hundred gallons to many millions of gallons per day to satisfy 
domestic, agricultural, industrial and recreational demands. 

Figure 2-7 shows the total pumpage distribution by aquifers for Long 
Island in 1975. The sizes of the pumpage circles are proportional to the 
average withdrawal rate within each section drawn on the map. Each circle 
includes the percentage of water pumped from each aquifer. The proportion 
of water withdrawn by public water supply systems versus industries and/or 
irrigators is  also indicated. 

In Nassau County, the Magothy aquifer is the principal source of 
potable water, but all three aquifers are pumped in varying degrees from place 

to place. An additional source, the Jameco Gravel, is of local importance in 
the southern part of the county and in parts of the northern peninsulas. 
Drinking water for Suffolk County comes from both the Magothy and the 
Upper Glacial aquifers. The practice of locating wells within reasonable 
proximity to the user in order to minimize distribution costs has resulted 
in uneven distribution of pumpage; major concentrations of pumpage are 
located near areas of dense populations, leaving portions of the subsurface 
reservoirs underutilized. 

Approximately 133 districts, municipal systems and water companies, 
either publicly or privately owned, supply water on Long Island. In Nassau 
County, the largest suppliers are the Long Island Water Coporation, Jamaica 
Water Supply Company and Utilities and Industries Corporation (formerly 

F l G U R E 2 -7 Long lsland Water Supplies. 



New York Water Service). The publicly owned Suffolk County Water Author- 
ity i s  the major regional purveyor of drinking water in Suffolk County. 
This system consists of about 12 centralized supply plants, withdrawing 
water from some 400 wells throughout the county. 

The total daily pumpage in Nassau County averages approximately 
210 million gallons per day, with 170 million gallons per day of this water 
supplied by public and private purveyors during 1975. Public supply pumpage 
in the years 1973, 1974 and 1976 was approximately 178, 179 and 184 
million gallons per day, respectively. A recent estimate of the total amount 
of water pumped by major industrial and commercial users is 36 million 
gallons per day (Erlichman, 1976). Self-supplied domestic and agricultural 
pumpage accounts for the remaining four million gallons per day. About 

L O N G  I S L A N D  S O U N D  

85 percent of the water withdrawn comes from the Magothy aquifer, eight 
percent from the Lloyd, four percent from the Upper Glacial and three 
percent from the Jameco Gravel. In a few coastal areas of Nassau County, 
the threat of salt water encroachment has precluded the use of water from 
the Magothy aquifer,' necessitating the deepening of several public supply 
wells into the underlying Lloyd strata. The City of Long Beach in south- 
western Nassau County i s  entirely dependent for public water supply upon 
wells penetrating the Lloyd formation. As much as 30 percent of the supply 
pumped in the northern portion of the county i s  also from the Lloyd (or 
equivalent) aquifer. 

Suffolk County draws 108 million gallons per day for public supply 
(1975 data) of which 40 percent i s  from the Upper Glacial and 56 percent 
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Present patterns of ground water pumpage only reflect patterns of 
population density. Ground water diversions are not awarded according to 
a formal scientific plan or long-term program with the objectives of protect- 
ing water quality or maximizing the available resource. Interference effects on 
existing ground water supplies and the potential for salt water encroachment 
have been the primary considerations in decisions by the state regarding appli- 
cations for increased pumpage. However, the impact of new withdrawals on 
the movement of contaminants from potential inland sources of pollution 
and possible adverse effects on surface streams have not been included in 
the evaluation of well location, depth or construction. Again, this situation is 
related to the fragmentation of responsibility for developing ground water 
resources, with each water supply unit constrained by local economic and 
political factors that are divorced from regional needs. 

2.1.7 Water Level Declines 
One of the principal effects of the steadily increasing consumptive use 

of ground water on Long Island i s  a general and continuing decline in water 
levels. Significant lowering of the water table and of potentiometric surfaces 
has occurred over the last few decades in Nassau and Suffolk Counties. 
Recently observed imbalances between available water supply and demand 
in some places are largely the result of greater pumpage, increases in sewage 
outflow to salt water and the severe drought of 1962-1966. The determina- 
tion of the effect of each of these factors on the total hydrologic system i s  
critical in attempting to evaluate various management alternatives for the 
future. Although regional water level declines have been recognized for years, 
it was not possible to accurately predict future declines until recent advances 
in electric analog and digital computer simulation techniques were achieved. 

Since the mid-1930fs, the U. S. Geological Survey has maintained a 
program of water resources studies on Long Island in cooperation with several 
county and state agencies. Ground water levels have been measured in four- 
teen key shallow observation wells on Long Island for over 35 years. Several 
hundred observation wells throughout Nassau and Suffolk Counties have been 
monitored over recent years by the U. S. Geological Survey, the Nassau 
County Department of Public Works, the Suffolk County Department of 
Environmental Control and the Suffolk County Water Authority. Prior 
to  the late 19501s, water level declines in Nassau and Suffolk Counties were 
not particularly significant. During the period between 1959 and 1970, 
declines of the potentiometric surface in Queens and Nassau Counties in the 
basal part of the Magothy aquifer ranged from about one foot near the 
shorelines to a little more than twenty feet in parts of east-central Queens 
and west-central Nassau Counties (Kimmel, 1971). Similar changes occurred 
in the water table, except near the shorelines where the decline was less. 
Net changes in water levels are shown in Figures 2-8 and 2-9. 

In addition to water level declines caused by increased pumpage on 
Long Island, extended periods of less than average rainfall also resulted in 

a decrease in ground water storage as evidenced by the 1962-1966 drought. 
During that period there was a cumulative deficiency of rainfall of 41.7 
inches below the long-term annual average of 44.5 inches per year as meas- 
sured at Setauket. Figure 2-10 shows ground water response to the drought 
with declines in ground water levels ranging from somewhat more than ten 
feet in east-central Nassau County and west-central Suffolk County to less 
than two feet near the shorelines (Cohen, 1969). The configuration of the 
contours reflects the nature of the flow system in that the maximum declines 
took place near the ground water divide. Smaller net losses occurred near the 
shore1 ines. 

The average altitude of the water levels in the fourteen key monitor 
wells for the period 1940-1967 was nearly 46.5 feet. By 1966 the average 
level had declined about six feet below the long-term average (Figure 2-1 1). 
The close dependence of stream flow upon ground water was underscored 
during this period by record low flows in fourteen of nineteen principal 
streams in the two counties. The combined flow of the nineteen streams 
(Figure 2-1 2) was 155 cubic feet per second in 1966 as compared to  the long- 
term average of 291 cubic feet per second (Cohen, 1969). 

Since 1967, the water table and water levels in the Magothy aquifer 
have stabilized and in many cases risen in response to  normal and above 
normal rainfall. The water table in east-central Nassau County rose over 
twelve feet, and in western and central Suffolk by as much as six feet be- 
tween 1970 and 1974. However, slight declines occurred in southwestern 
Nassau County (Figure 2-13). 

In addition to stresses caused by increases in withdrawal rates and 
fluctuations in natural recharge, the ground water system is also affected by 
sewering, urbanization, lawn sprinkling and other activities. Attempts have 
been made to evaluate the impact of such factors upon the system, using 
methods which isolate one response and assign to it a given variable. For 
instance, a recent double-mass curve analysis of ground water in Nassau 
County permitted isolation of water level changes due to  sewering alone. 
Declines attributable to sewering in western Nassau County ranged from 
3.6 to  19.1 feet (Figure 2-1). Declines due to  the influence of pumping in 
Queens County varied from one to twelve feet. The average weighted water 
level decline from 1953 to 1972 in southwestern Nassau was 11.8 feet, 
of which 4.9 feet can be attributed to  pumping in Queens County. 

With sophisticated methods for evaluating hydrologic systems, such 
as digital and electric analog models, i t  is possible to integrate the stresses 
and responses of a dynamic system by considering the input of many vari- 
ables at one time. I t  is evident from recent studies utilizing available models 
that water level declines will continue in Nassau and western Suffolk as 
consumptive use increases under the present system of water management. 
There i s  considerable uncertainty, however, as to the future rate of this 
increase, especially in Nassau County where the population appears to  have 
stabilized. 
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FIGURE 2-10 Net Decline in Ground Water Levels in the Water Table Aquifer Due to Drought Conditions, 7962-66. 
















































































































































































































































































































































































































































































































































































































































